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?i ilJVERTISEMENT. 

Having said thus much of myself, I 
will now say a few words of my Book ; 
the plan and method of which will be 
found very similar to those which I 
adopted and jDursued in the Scientific 
Dialogues, and which have been sanc- 
tioned by the most decided public ap- 
probation. I have, however, rendered 
these Volumes more practical, and bet- 
ter adapted to the purposes both of the 
Preceptor and Pupil, by subjoining at 
the end of each volume a Series of 
Questions and oihejr Exercises, suited 
to the several Conversations.* By the 
aid of these the Tutor will be able to 
examine his Pupil, and know how far 

* The Author has now published, at the ex- 
press desire of many persons engaged in the im- 
portant business of education, a small work, en-^ 
titled, ** A Oompanion to the Scientific Dia- 
logues, or the Tutor'9 Assii^tant and Pupil's 
Manual in Natural and Experimental Philoso- 
phy," by which the Scientific Dialogues are 
in every respect adapted to ease the labour of 
the Preceptor, and to facilitate the progress of 
iS*^ Studeat, who has not the advantage oi wci \iv- 
" ju these Sciencoa. 



he has studied, and how far he under- 
Etands the subject given him for const-' 
deration. 

The Exercises will, i trust, be found 
of still greater importance fo those who 
study these Volumes by ihemselvea, 
and who have not the advantage of a 
Tutor's instructions. Such will not fail 
to see, that the mode for them to pur- 
sue is, after they have studied one 
Conversation, to examine themselreg 
by the Questions adapted to it ; and| 
on a succeeding day, to take the Ques- 
tions only, and write In their own words 
the best answers they can devise, and 
then compare them with the book. 
Here the feslina hnte is earnestly re- 
commended : not to go to a second Con- 
versation till the first is well understood 
and fully digested. 

No person, in connexion with chemi- 
cal reading, ought to omit an opportu- 
nity, if it present itself, of attending a 
Course of Lectures, whicH aV«?i.'j?,\ 
dudes a variety of illusUaVwe aw^ 
siructive e^periraonls. U «, \vovi«'*' 
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0/ Me Elements, 



TUTOR CHARLES JAMES. 

CHARLES. As you are going, sir, to show 01 
experimeDts in Chemistry, mny 1 askif thisBub< 
ject is connected with N"at«rul Philosophy ? 

Tutor. In some respects the stndies are ia- 
separable. Tliufi, in the third and fourth vo- 
lumes of the " Scientific Dialogues,"* we hare 
demonstrated tlie weight, pressure, and motion 
of fluids in general, considerini; more particular^ 
ly the several properties of Tinier and air : now, 
by Chemistry, we shall be able to show you ol 
what these Quids, which are so common as scarce* 
ly to claim your notice, are compounded. 

James. I thought air and waler, as well ai 
earth and^r«, had been simple and uncompound' 
«d bodies. I am sure, I have often heard them 
Called the first elemeuls of things. 

_■ A wnrk by the snme aiilhor, \n sis. wwli ^Q 
'■\1bba3 pasted through many ed'aiQhs, 
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Tutor. This is an error of very early date: 
it was taufht by P3rthagoras, and I believe before 
his time, for truth ; but modem discoveries hwre 
shown, in the clearest manner, that evien tbs 
air, which you breathe, is compounded of two 
other, and perhaps simple gases, 

Charles, What do you mean by gases ? 

Tutor, Formerly there was but one species 
of air known, namely, the atmospheric ; but, 
since the discovery of several other kinds, che- 
mists call all the permanently elastic aeriform 
fluids by the general name of gases ; thus we 
have oxygen gas, hydrogen gas, azotic gas, ^nd 
many others, wiUx which I hope you will short- 
ly be acquainted. 

James, Do you call the common air atmos- 
pheric gas? 

Tutor, In general chemists do not alter that 
name, but call it the air, leaving the term gas to 
be applied to the factitious airs. 

James, Have these gases the same proper- 
ties as the atmospheric air ? 

Tutor, Yes ; they are transparent, elastic, 
ponderous, invisible, and not condensable into a 
liquid or solid state, by any degree of cold hi- 
therto known. 

Charles, Are there no substances, which may 
be called elements ? 

Tutor, As the elements of things, or, to speak 
more properly, simple bodies, are those which 
cannot be separated into others more simple, nor 
reproduced by artificial means ; it would, per- 



^^^C . ELEMENTS, OR SIMPLE BODIES. ^ 

li^», he presumption to assert, that we are a 
qnainted with any such. The pure part of thi 
Btmospheric air, for instance, which we call os% 
gen gas, has never yet been (lecon[ipouDded ; bn) 
nntil it can be asserted that it is incapable of di 
compoflitioD, it would be rash to affirm certainlj 
that evea this is a simple body. 

Charles. Perhaps future inquiries, and i 
periments, may demonstrate the existence ofm( 
d; more simple substances than those which we^ 
■o called by the ancient philoeophers. 

Tutor. It is probable, also, that, as th 
ence of Chemistiy iiJviuices to perfection, man; 
of those substances, w hie li <ii-t! suppuseU eve 
now to be simple bodies, may be found capabl 
of decomposition ; and every discovery of tlu 
kind will make men of science less tenacious n 
tbeic own theories, and less positive id decidioj 
absolutely whether they have come to the know-' 
ledge of a single body, that is not made up of 
others more simple. At any rate, the terra, 
*» elements" should be considered as denoting the< 
last term of the analysis, according to the prft^ 
sent state of knowledge. 

James. Is the term element used as synooy-- 
mous with imdecompovniled body 1 

T»tor. It is; and the improvements takii^ 
place in the methods of investigating natural li 
dies are constantly changing the opinions 
cbemislE, with respect to their na.tviTe,^ ^m'<j^ 
or compound. 
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James, How many of these simple bodies do 
chemists now enumerate ? 

T\ttor. It is not easy to say. Sir Humphrey 
Davy says, there is no reason to suppose, that 
any real indestructible principle has been yet dis- 
covered. Matter, he says, may ultimately be 
found to be the same in essence, differing only 
in the arrangement of its particles ; or two or 
three simple substances may produce all the va- 
peties of compound bodies. 

The following is a list of the simple bodies* 
given by Dr. Thompson, in his work on Cher 
mistry, a few years sinne. ¥lt^ ilivides themint(( 
two clasflp.4 : Fra.qT^ those which can be confin-: 
ed in proper vessels, and exhibited in a separate! 
state ; these he calls confinable bodies. SscoiriH 
I.T, those that cannot be confined by vessels, and 
which cannot be exhibited in a separate state ; 
these are denominated unconfinable bodies. 

TABLE OF SIMPLE SUBSTANCES. 

I. CONFINABLE BODIES. 

Oxygen. Hydrogen. 

Sofpnur. Azote, or Nitrogen. 

Phosphorus. Muriatic Acid. 
Carbon, or Diamond. 

METALS. 

Gold. Cobalt. 

Platinum, Manganese. 

Silver, Tungsten, 

Mereiuy. Bismuth. 



EXmtENTS, Oil SIMPLl: BODIfiS. 



€k>pper. 

Iron. 

Tin. 

lioad. 

r^ickel. 

Zinc. 

TeHoriam. 

Arsenic. 



Antimony. 
Molybdenndi. 
Uranium. 
Titaniam. 
Chromium. 
Coldmbium. 
Tantdium, and perhapft 
others. 



Potass* 



ALKALIES. 

Soda. 



Barytes. 

Strontian. 

Lime. 

Magnesia. 

Alumina. 



KARTHS. 



Yttria. 
Glucina. 
Zircohia. 
Silica. 



n. UNCONFINABLE BODIES. 

Light. Electricity. 

Caloric. Magnetbm. 

Charles. Have any of these been decomposed 
ince ? 

Tutor. Yes, they have, and other substances 
baye been added, that were at that time not 
bown ; so that a different classification has 
since been made out. Thus, potass and soda, 
which, by Dr. Thompson, were given as simple 
bodies, are now found to consist of metailvc «V3X^« 
stances, cdiWed potassium and sodium, wmX-^^wS^ 

1* 
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James, Are the alkalies^ then, no loQger 
be ranked wititi simple bodies ? 

Tutor. They are not : they are compound 
^. of metals and oxygen. The same may be s« 

of the earths, as lime, magnesia, &c. 
I Oiarles. Of what are these componnded ? 

Tutor. They are composed of metallic si 
stances, named, by Sir Humphrey Davy, calcii 
and maeniumi and oxygen. Independently, thei 
fore, of the unconfinable or imponderable bodi< 
lights caloric^ and electricity^ (for we have nothi 
to do with magnetism in Chemistry,) we hav< 
classification, which places oxygen at the top, 
account of its great importance as an agent 
Chemistry. ^ 

James. Is oxygen then a simple body ? 

Thitor. At present it has not been decomj 
8ed ; and, therefore, it may be considered 
0uch. This arrangement is as follows : — 



CLBMBVTf , Oa SniPLB B0DIS8. 7 

ITKW ARllAKGEJfElfT OF 

SIBfPLE SUBSTANCES. 

I. OxTOEir. 

II. Bodies capable of uniting with oxygen, 
nd forming, with it, various compounds : 

1. Hydrogen, with oxygen, fonns Watxb. 

3. Bodies forming, with oxygen, Acids. 

Nitrogen, with oxygen, forms nitric acid. 

Sulphur sulphuric acid. 

Phosphorus phosphoric acid. 

Carbon carbonic acid. 

Boracium boracic acid. 

(a) Fluorium fluoric acid. 

(a) M uriatom muriatic acid. 

3. Metallic bodies forming Alkalixs. 

Potassium, with oxygen, forms potass. 

Sodium soda. 

Ammonium ammonia. 

4. Mxtallic bodies forming Eabths. 

Calcium, with oxygen^ forms lime. 

Maenium magnesia. 

Barium barytas. 

Strontium strontites* 

Silicum »\\ex. 

A/amiam alunuiA. 



CHKMISTRT. 



Tttrtnni 

Gluciiun 

Zirconiam 



. yttiSA. 

. gtucilML 

. sireonia. 



ft. Mktai^ natnrallj metallic, or wbidi yield their ozyfM 

to carbon, or heatt alone. 



(1.) MtdUmUe Metab. 



Gold. 
Ptatina. 
PaUadimn. 
Silver. 



Arsenic. 

Bismath. 

Antimony. 

Manganese. 

Tellurium. 



Mercury. 
Tin. 
Copper. 
Irtm. 



Lead. 

Nickel. 

Zinc. 



(2.) BrittU Metali. 



Cobalt. 

Tungsten. 

Molybdenum. 

Titanium. 

Chrome. 



Uranium. 

Columbium. 

Iridium. 

Osmium. 

Rhodium. 



Charles. Is it from simple bodies that other 
substances are compounded ? 

Tutor. Certainly : what takes place in the 
combustion of a piece of wood, or coal ? 

Charles, it gives out light and heat. 

Tutor. Then light and heat, or, as chemists 
say, light and caloric, enter into the combination 
of wood and coal ; and these may be extricated, 
or set free, from them, if the}' are raised to a 
certain degree of temperature, (a) Again : lead 
is a simple body ; but common red lead, which 
chemists call oxide of lead, is compounded of 
/ea{/ and oxygen^ and these may be separated 
^a ooe another y by a proper degc^^ Qt\ifiaXt 
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James, Will all the simple substances com- 
bine and form compounds ? 

Tutor, Certainly ; and from these, combined 
in different ways, an indefinite number of sub- 
stances are produced. 

Charles, Among the simple substances, I see 
carbon, or diamond ; are they the same thing ? 
I thought by carbon was meant charcoal. . 

Tutor, It has been proved, as we shall show 
hereafter, that the diamond is pure carbon, and 
that charcoal is ap oxide of carbon, that is, a 
eombinatioa of carbon and oxygen.(a) 
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This glass contains half an ounce of Eptom 
salt (sulphate of magnesia) dissolved in water ; 
I pour into it some solution of carbonate of soda, 
which is likewise very clear. 

James, The mixture is quite white. 

Tutor, A powder will, in a short time, sub- 
side, which is carbonate of magnesia ; the fluid 
above it, though transparent, contains sulphate 
of soda. 

Charles. How is that known ? 

Tutor, I will draw it oflF, and evaporate it over 
a slow but clear fire, till a skin rises on its sur- 
face, and, when it becomes cool, it will crystal- 
lize ; the crystals are sulphate of soda, or Glau- 
ber*s salt. Here then is a complete decomposi- 
tion ; the sulphuric acid, which was united to 
the magnesia, combines with the soda, and the 
carbonic acid, which was united to the soda, is 
now combined to the magnesia. By the ana- 
lysis, I find, that Epsom salt is a compound of 
sulphuric acid and magnesia ; and, from the new 
substance, it appears, that Glauber's salt is a com- 
pound of sulphuric acid and soda, (a) 

James. Is not an expensive apparatus neces- 
sary to perform chemical experiments ? 

Tutor, The most important and luminous 
facts in this science may be exhibited with the 
aid of Florence flasks, common phials, and a few 
wine or ale glasses. But, in conducting your 
experiments, I shall recommend a strict attention 
t^ order and Aeatness. Let every phial and jar 



WHAT CHEMISTRY IS. 13 

hare a label, denoting the substance it contains ; 
and, where it is convenient, let the same expe- 
riment be diversified by using different sub- 
stances, or different proportions of the same sub- 
stance. 

Charles, Shall we be able to repeat the ex- 
periments ourselves ? 

Tutor. You will, if you have attained to ha- 
bits of caution and accuracy ; but, without these 
qualities, you ought not to meddle with the mi- 
neral acids, a very small portion of which, drop- 
ped on your clothes, would burn them into holes. 

James, How does it appear, that Chemistry 
is of so much importance in the arts of life ? 

Tutor, This I might demonstrate in a thou- 
sand instances, but 1 will mention only one, by 
way of illustration. By an attentive examination 
of vegetable substances, it is known, that some 
abound with resin, some with gum, some contain 
sweet juices, from which sugar is produced, and 
others contain astringent, or bitter, or acid mjit- 
ter. In some, we find oils of different kinds ; 
and, in others, colouring materials, which can be 
transferred to wool, linen, &c. ; and many con- 
tain substances, which have medical efficacy. 
Now all these are extracted or prepared by che- 
mical operations, which may, therefore, be con- 
sidered as the foundation of a great variety of 
useful arts. 

Charles. I see, then, that the bvis\ive%% ^^ ^^- 
ing cloth, andmakiDg sugar, depetvAa oxvCAx^\ivw 
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Tutor, So also do bleaching, glass-makin 
the working of metals, printing, &c. 

James. How does printing make one of tl 
number ? 

Tutor. In ascertaining the best materials f 
making the types, or letters, and in investigatii 
the most proper substances, and in due propo 
tions, for the ink. Agriculture, gardening, tl 
arts of cookery and of making wine, beer, ai 
other fermented liquors ; the knowledge of pha 
macy and medicine, all depend on the principl 
of Chemistry. 

This science, however, not only supplies m 
uy of our wants, comforts, and luxuries ; but 
excites a laudable curiosity, which characteriz 
the minds of those young persons, who are of 
scientific turn ; and it is admirably calculated 
serve as an instructive, rational, and almost pe 
petual fund of amusement. 

[Chemistry is not a science of parade. It s 
fords occupation and infinite variety. It deman 
no bodily strength. It can be pursued in retii 
ment. There is no danger of its inflaming tl 
imagination, because the mind is intent upon i 
alities. The knowledge that is acquired is e 
act, and the pleasure of the pursuit is a sullicie 
reward for the labour. — Maria Edgeworth^s L 
ters to Literary Ladies,] 
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CONVERSATION III. 



Of the Attraction of Aggregation. 

TUTOR. I must now desire your attentiou, 
while I endeavour familiarly to illustrate the 
several sorts of attraction, or affinity, which are 
noticed by chemists. 

James. Do the words attraction and affinity 
mean the same thing ? 

Tutor. Attraction is the term commonly used 
by writers in natural philosophy ; but affinity is 
that which is more appropriate to Chemistry. 
However, they both are used indiscriminately 
by the best authors on this subject. 

Attraction, or affinity of aggregation^ is that 
which takes place between parts of the same 
substance, or between bodies of the same kind. 
Thus the parts of an iron bar adhere by the at- 
traction of aggregation. When two or more 
drops of water, or two globules of mercury, 
unite in one larger body, it is by aggregation. 
Two pieces of lead, melted together in a cruci- 
ble, form a uniform mass, the particles of which 
are held together by the attracVvovi oi ^^^'^- 
Pion, 
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Charles » In what does this differ from attrac 
tion of cohesion ? 

Tutor. They are frequently used for ODfe 
another ; hut accuracy of definition would re- 
quire, perhaps, that attraction of cohesion should 
he only used when it is merely superficial, as 
between the surfaces of marble, lead, &c. 

The aggregate is, in fact, a coherent body, 
and must be distinguished from a heap : for 
though a heap, as of wheat, sand, &c. consists of 
parts all of a similar nature, yet those parts 
have no cohesion with each other. 

The aggregate and the heap must be distill- 
guished from a mixture, as is the case of gun- 
powder, before it is formed into grains, and 
which consists of a mixture of charcoal, sulphur^ 
and nitre. ^ 

James. I shall, from these instances, know 
how to distinguish between an aggregate, a heap^ 
and a mixture. 

Tutor. 1 wish you also to bear in mind the 
several kinds of aggregation, viz. (1.) the solids 
as is exhibited in wood, metal, sulphur, &c. ; 
(2.^ the soft, as in glue, meat, jellies, &c. ; 
(3.) the liquid, as in water, oil, mercury, &c. ; 
and (4.) the aeriform, as in air, and all the 
gases. 

Charles. Will not water, in its several states* 

exhibit the solid aggregation, as in ice, the fluid 

in water, and the aeriform in a state of vapour, 

<v steam 'I 

Tu^or, It will; and, according lo ^. ¥o^t« 
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"oy and others, ice will, when exposed to a 
imperature of 32°, assume a soft state. 

James. Wax and tallow will also exhibit the 
>lid^ the soil, and the fluid states. 

Tutor, They will : and the aeriform too ; 
r, by a stronger heat, they may be made to fly 
f in a state of vapour. Metals may, in the 
me manner, be caused to pass through these 
iveral states of aggregation. 

Charles. Is not this kind of attraction easily 
jstroyed. 

Tutor. Every effort, that tends to separate 
le particles of bodies, tends also to destroy the 
traction of aggregation ; such as grinding, cut- 
dg, filing, pounding, &.c. In all these cases, 
le force applied must be more thdn equal to the 
rce of attraction. If the aggregation of a body 

diminished, it exhibits a greater surface. 

James. Yes ; a lump of sugar, or Salt, when 
•oken into bits, will present more surface than 
did when whole. 

Tutor. By this means the energy of chemical 
;ents is increased : thus, fluate of lime (Derby- 
lire spar) is scarcely affected by sulphuric acid 
. the lump ; but let it be first ground into pow- 
;r, and a rapid decomposition takes place, as 
)u shall see. 

Charles. What is the vapour that escapes ? 

Tutor. It is called fluoric acid : the spar is a 
)mpound of this acid and lime ; hence it is 
illed *' fluate of lime," and, \w VVi^ ^^c,wxx^^i\- 

2^ 
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tioD, the sulphuric acid combines with the lime 
forming what is called a sulphate of lime. 

James. May we estimate the force of thi 
kind of attraction by the power required to ovei 
come it ? 

Tutor, Yes, you may ; hence the difficult 
of cutting marble, flint, and the diamond ; hene 
also the different degrees of exertion required t 
separate the several kinds of timber. 

James. Is there any method of measuring th 
force of this kind of attraction ? 

Tvior. There is : thus, if rods of meta 

glass, wood, whalebone, &c., of the same thicli 

f A ness, be suspended in a perpendicular directioi 

\ and weights be attached to the lower extremit 

, \ of each, till the rods are broken, then the weight 

3 required to break them is the measure of thi 

ii attraction. It has been found, for instance, tha 

; to separate the parts of beech, and ash, and oal 

• ^ requires twice as much force as is necessary i 

^ the case of common fir, or deal, in some case 

, the attraction of aggregation is overcome b 

-'< heat. 

)v Charles, Different degrees of heat are, 

-J imagine, required to overcome the diderei 

i kinds of aggregation. 

Tutor, You are right ; a small degree of he; 
will reduce some bodies from the solid to tt 
soft state ; a greater heat is required to brir 
them to the fluid state, and a still greater to n 
^ace them to the state of vapour. The san 
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maj be said o{ gtasa, metals, and in short, pei^ 
bape, of every body in nature. , 

Jama. Is that the reason why hot tiqaida 
£g8olTe solid substaucee, as salt, sooner than 
cold? 

TSitor. It does not only dissolve tliem quicker, 
bat in much lurger qtiaatities ; when, however^ 
tiie liqaor coo!a, part of the salt falls to the bot- 
tom of the vessel, in regular crystals. Try the, 
Uperiment with common salt and boiling water, 
which will aA'oril an instance of crystalUza 

Ex. Take half an ounce of Glauber's salt^ 
which has been dried over a fire, let it be > 
pnlrerized, and dissolved in an ounce or niort 
boiling water ; when cold, the original crystals 
will be seen in IhcDuid. notwithstanding the talb 
mat reduced to powder. 



1 



20 CHEMISTRY. 



CONVERSATION IV. 



Of the Attraction of Composition, or, Ckemdad 

Affinity, 



TUTOR, Attraction of composition is that pow- 
er, by means of which the particles of bodies at- 
tract each other so iDtimately as to produce a 
uniform whole, that cannot be separated by any 
mechanical efforts, and the characteristic pro- 
perties of which are often different, and some-* 
times quite contrary to those of the constituent 
parts. 

Charles, VIT^ill you give us an example to il- 
lustrate this definition ? 

Tutor. I will. Sand and salt, exposed to a 
strong heat, combine by this law of attraction, 
and make glass. In this state it is a uniform 
whole, which no mechanical efforts can again 
separate into sand and salt ; and the properties 
of glass are not only different from those of sand 
msd salt^ but in many respects contrary to them» 
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James, True : glass is transparent, at least 
some sorts of it ; but that cannot be said of sand^ 
or salt. 

TiUor. Glass is insipid to the tongue, but the 
lalt, that enters into the composition, has a very 
acrid taste. 

I will put a small quantity of mercury and sul- 
phur into a crucible, an ounce of each, and stir . 
them together over a fire till the sulphur is com- 
pletely melted, when I will pour the mixture on 
a piece of glass, or marble, previously greased 
and warmed. Now the substance, obtained from 
this composition, is called sulphur et of mercury^ 
and has, as you see, neither the colour, nor bril- 
liancy, nor inflammability, nor volatility of either 
<xf its component parts. 

QuMrle$, As the mercury cannot be separated 
from the sulphur by any mechanical means, do 
jon, on that account^ say, that they are chemical- 
ly united ? 

Tutor. Yes : the union of salt and water ; 
of alcohol and camphor ; of sulphuric acid and 
alumina ; of nitric acid and potass ; of silver and 
jpold, or of any of the metals^ &c., is formed by 
]uiis same law. 

James. What is alcohol ? 

Tutor, It is pure spirit ; and, when mixed 
with an equal quantity of water, it is sold in the 
shops as spirit of wine. But I will show you 
more experiments, in order to fix this definition 
in your memory. You know ttie ^ctv^ \s\5x\sNSi5^ 
nature of sulphuric acid, and cjvi\c\l\\sxv<^'1 
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Charles. Yes, I know they will, ei 
them, destroy my clothes, and injure w] 
they happen to fall on. 

Tutor. Well, I will mix a small qua 
each together ; now the pungent and co 
nature of both is destroyed ; and the sti 
produced by this chemical union is called 
of Paris, or gypsum, or, more properly 
phate of lime." 

Put a dessert-spoonful of the tincture of i 
bage into a wine-glass of water, mix thei 
and put half of it into another glass. Adc 
of the glasses a few drops of sulphuric a< 
the blue colour will be changed to a fin 
son ; to the other add an alkali, as a soli 
potass, and the blue will be changed into 
Now reverse the experiment, and drop < 
ly down the sides of the glass, in which th 
is, a few drops of sulphuric acid; and th< 
crimson colour at the bottom, purple in tl 
die, and green at the top. To the other g 
some alkali, and you see the col>ours are in 

James. How is the tincture of cabbage 

Tutor. By infusing red-cabbage leaver 
tilled water. The infusion of violets wo 
swer the same purpose, and is obtained 
same way. 

Here is apiece of muriate of ammonia (i 
moniac) and some unslacked lime. W 
try if they have any smell ? 
• Charles. Very little, if any. 



ATTEACTION OF COMPOSITION. 23 

7r. Pound them together in the marble 
• ; but do not keep your head over the 
• while you do it. 

rles. The scent is so pungent, I cannot 
lear it. 

£8, It is a perfect smelling-bottle ; did 
it equal parts of each substance ? 
>r. 1 did ; that is the best proportion ; 
'the compound be quickly put into a bottle, 
glass stopple, it will serve as a smelling- 
for a considerable length of time. 
rles. In this case, two bodies without* 
by chemical affinity, have produced a com- 
substance, that yields a most pungent scent. 
>r. In this phial is water impregnated with 
lia, or, what will do as well, common spi- 
hartshorn and water ; in the other is con- 
ted muriatic acid ; smell them both, but 
) near. 

£s. That caution is almost useless, as I 
: bring them near my nose. 
>r. 1 will mix a little of each in a glass. 
£s. The smell is completely g6ne, and 
lour changed ; so that two very pungent 
, by chemical union, produce a third sub- 
without smell. 

7r. Let it stand a little, and it will under- 
ther change in its colour. 
I a saturated solution of muriate of lime, I 
, gradually, concentrated sulphuric acld^ 
e two Buids will produce a^o\\^cQ\!Ci\QNwA, 



! 
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Charles, The disengaged vapour is very pw* 
gent to the smell. 

Tutor. This vapour, when collected, is caDal 

muriatic acid gas. Here two fluids have, bf 
chemical action, formed a solid. You obeerrtf 
also, that a gi*eat deal of heat is disengt^d! 

Janies. Yes, the glass is very hot. Wift 
two solid substances can you produce a fluid ! . 

Tutor. I can : a solid composed of mercmj 
and bismuth, and another composed of lead im 
mercury, being well rubbed together in a mw** 
tar, quickly become fluid. Again, equal parts oi 
crystallized nitrate of ammonia, and sulphate CI 
soda (Glauber's salt) rubbed together, will pWf 
duce a fluid. 

Two malleable and ductile metals form a bfit- 
tie alloy. Iron and tin will bear the hammer, 
and may be drawn into wires ; but, being wixei 
together by fusion, the compound substance V 
very brittle, and will easily break by the blow o 
a hammer. 

Charles. What do you mean by the word $a 
turated, which you used a few minutes ago ? 

Tutor. When a substance, which has an affi 
nity to another substance, is mixed with as mad 
of it as it can hold in combination, then th< 
former substance is said to be saturated, or thi 
mixture is said to have attained the point of^^atu 
ration. In the instance above referred to, thi 
muriatic acid is combined with as much lime a 
// fFj'IJ hold. When you have dissolved ad mucl 
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' sugar in water as it wiU contain, the water 
to be saturated with salt, or sugar. 
\es. Is it only a certain quantity of a solid 
lice that can be dissolved in a fluid ? 
or. Certainly : and, if you attempt to add 
by raising the temperature, that is, by 
g the fluid, it will, as it grows cold, fall 
bottom in a solid form. 
rle$, I remember I was to take some 
>ne morning, and dissolved them in warm 
the preceding evening, and, to my astonish- 
when I was going to drink the dose ofl", I 
the salts at the bottom, in the same shape 
sn I first put them into the water. 
9r. But not in the same quantity : for 
ater had taken up, or held in solution, a 
ind, having attained the point of saturation, 
!St fell down, and assumed their former 
nine shape. 

i€«. Would the same thing happen in a 
•e of common salt, or sugar ? 
or. It would ; but, when water is satura- 
th sugar, it will take up salt ; and, when 
ted with salt, it will still hold a certain 
ty of sugar in solution. 
:e an ounce of Glauber's salt, and dissolve 
ttle more than double its weight of boiling 
; pour it hot into a phial, and cork it up. 
cold, the crystals will not fall down, though 
ater is much more than aaVwY^Ve^ % \s^i^.^ 
jtant the cork is removed) cx'^^VsiSXvL'saJ^^'^ 
pn and continue. 
^- 3 
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This priflciple of attraction of compositio 
so important in Chemistry, that it has been xm 
to divide it into several distinct heads : to-ds 
have only illustrated the definition, which I 
you to commit to your memory, and to-mori 
we shall resume the subject* 
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CONVERSATION V. 



QTfte Oeneral Lawt of the Attractioit of Com- 
position, or Chemical Affinity. 

LAW I. 

TUTOR. " Attraction of composition cannot 
aet but between bodies of different natures." 

Here are soda and sulphuric acid, which arc 
both highly acrid substances, but of a very differ- 
ent natore ; by chemical affinity they will com- 
bine, and we get, instead of the original sub- 
stances, a compound called '' sulphate of soda*** 
which is the Grlauber*s salt. The union is t^ 
complete, fdr the salt produced is readily 
solved, and the solution is quite clear. 

Charlei, I understand diis : because th 
traction, which takes place between bodii 
the same kind, as in the instance of two dr 
of quicksilver, or two drops of water^ * 
pieces of wax, &c., does not changr 
the body, but only increases it 
therefere the attraction of aggr^i 



Tvior. ThU law is so mnriable, that Aa it- 
Faction is nerer stronger than when the bofin 
•etween which it acta are, in nature, the wxi 
ftsentially different from one another. No hI- 
tanceii are more completely opposite to cMh 
ther than aeidt and alkaliei ; yet they fom Ac 
lost perfect unioo : thus common vin^ar w!ll 
eadily unite with spirits of hartshorn ; so will 
cetous acid (which is highly concentrated rine- 
ar) with pure volatile alkali ; and mineral or 
egetable alkali with any of the mineral acid 
' Jamet. What do yoa mean by the word eta- 
enlraitd ? 

Tutor. Vinegar consists of as acid and wa 
he acid is said to be concentrated, whea itii 
tarated from the water ; and, in proportion aa ttie 
cid is free from water, it is said to be more or J 
ess concentrated. Thus acetous acid nw 
>btnined from vinegar, and alcohol from brandy ; \ 
either by distillation, or by esposing the nnegar I 
Jid spirit to screre frost ; for the water will be J 
rozen, and the arid and alcohol will he fooitdiii ] 
he middle of the ice. 



Tutor. " The attraction of composition scb , _, 

nly between the minutest particles of bodies." ^^ 

Ifa piece of sulphur be put into alcohol, there ^^ 

rill he no action ; but if the sulphur he first ^^ 

vinded very fine, a union will take place.— j- 

'is experiment ia not very eaS3,\)^l\'""iiAwni ..^ 
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it you. Put gome pounded sulphur into a retort 
A J (Plate II, fig. 11) suspend within it a bottle 
B, containing alcohol ; and, when the whole is 
covered with another glass c, and the joining! 
well luted, then heat the apparatus by means of 
the furnace t. The sulphur is suhlimed ; that 
is, it will rise up in very small particles, and unite 
with the small particles of alcohol, which are al- 
so driven off by the heat ; and the two bodies, 
thus united, will fall into the matrass x. 1 will 
pour out the liquor. 

Charles. It is slightly coloured : but how am 
I to know that the sulphur is dissolved in the al- 
cohol ■/ 

Tutor. Pour a small quantity of the liquorin- 
to a wine-glaas, and add eome diatillcd water to it. 

James. The sulphur is fallen down in its ori- 
ginal slate. 

Tutor. Von cannot wish for a stronger proof, 
that the two bodies united in the operation ; i 
it is equally clear, that it was necessary, that the 
two substances should be first reduced into very 
small parts, before the union could be formed. 

Ckartei. The same thing will happen with 
camphor and spirit of wine. The spirit of wine 
will dissolve the camphor, and the fluid be very 
clear. If to some of this, in a wine-glass, 1 pour 
a little water, the camphor will be separated from 
the spirit, and fall to the bottom in fine flakes, (a) 

TvloT. In these cases, the small particles of 
salpfaur and camphor united with ttve a'^u*. \ wo* 
^^dthe cQinb'maiioa of the aulpW'c ui&v^vc 
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have been completed, had not the partidea been 
exceedingly minute ; but alcohol wil} r^affily 
dissolve the camphor, when in lumps. 



LAW III. 

Tutor, " This attraction may take place be- 
tween several bodies." 

It frequently happens, that various separate 
bodies, presented to each other in a fluid state, 
unite and form a single mass, which possesses all 
the properties of a perfect compound. Some 
salts consist of three different substances : com- 
mon alum, for instance, is formed of sulphuric 
acid, alumina, and potass, or soda. 

Two, three, or more metals may be fused to- 
gether, so as to produce compounds ; the pro- 
perties of which are widely different from those 
of the constituent parts. 

Experiment 1. Melt eight parts of bismuth^ 
five of lead, and three of tin together. The fu- 
sibility of the mixture is so altered, that a spoon 
or other vessel made of it will melt in boiling 
Water. 

Ex. 2. If lead, tin, bismuth, and mercury be 
cornbiaed by fusion, in the proportions of 2, 3, 
5, and 1, the compound produced melts at a heat 
even less than that of boiling water. 

Ex. 3. A composition of lead, zinc, and bis- 
muth, in equal parts, may be kept in fusion 
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^Bpon a paper held oyer the flame of a candle or 
wp. 

LAW IV. 

Tutor. " In order that bodies may unite 
chemically, one of them most be in a fluid state." 

Sugar, or salt, cannot be united with ice, but 
most readily with water. In glass-making like- 
wise, if one of the substances, which enters into 
the composition, be not rendered fluid, by an in- 
crease of heat, no action could take place among 
them. 

Charles. Is it the heat in the furnace that 
melts the alkali ? 

Tutor. It is : the sand afterwards melts, and 
the compound is glass. There are numerous 
cases in which an increase of temperature is es- 
sentially necessary to determine bodies to unite. 
Mercury, for instance, will not combine with sul- 
phur, unless heat be applied ; then they unite 
readily, (a) 

LAW V. 

Tutor. " When two or more bodies are unit- 
ed by this affinity, their temperature suffers a 
change at the instant of union." 

James. I perceived this when you mixed the 
acids and alkalies together ; for, although both 
were in a cold state, yet, when brought into 
contact with one another, a cou^i^^'c^aJc^^V^'^ 
was occasioned. 



32 CHEMISTRY. 

Tutor. What happened then ii the resaltri 
a greater or less degree, in all cases where tiieiv 
is a chemical union. 

Experiment 1. Mix eqnal parts of concentrat- 
ed sulphuric acid and alcohol together, and, in t 
few minutes, the mixture becomes so hot iM to 
render the vessel almost insupportable to die 
hands. 

Ex. 2. If four parts, by weight, of common sol' 
phuric acid, and one part of water, be mixed, 
each at the temperature of BO**, the compound 
immediately acquires a temperature much higher 
than that of boiling water. 

Charles, Is this the reason why a violent heat 
is perceived in the slacking of lime ? 

Tutor. It is. All dense acids, ammonia, and 
alcohol, when mixed with water, have the pro- 
perty of raising its temperature considerably : 
the same is the case when alkalies are introduc- 
ed into concentrated acids. 

The temperature is not always raised by che- 
mical attraction ; it is sometimes lowered. 

Experiment 1. If muriate of ammonia be dis- 
solved in water, and a thermometer be plunged 
into it, the mercury will fall. 

Ex. 2. If an ounce and a half of muriate of 
ammonia, and an equal quantity of nitrate of pot- 
ass (common nitre) be first reduced separately to 
fine powder, then blended together, and after- 
wards mixed gradually with four ounces of water 
at 50^, a degree of cold will be produced suffi- 
cj'ent to sink the thermometer to W* . kEk<ckNk€c 
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of the idme quantity of salts, will cool it 

)elow the freezing point 

I. Will not a more considerable effect 

uced if ice, just melted, be used instead 

ion water ? 

. Certainly ; and still greater if snow is 

e of: bdt this subject we shall hereafter 
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CONVERSATION VI. 



Of the General Laws of the Attraction of Compi- 
sitiony or Chemical Affinity^ contmued. 



LAW VI. 

TUTOR. « Bodies, between which the it- 
traction of coinpositioD takes place, ■ acquire 
qualities different from those which the coiD- 
poundin^ bodies had before." This maj be re- 
ritied in taste^ smelly colour^ &c. 

Sulphate of potass, Epsom salts, is an exam* 
pie : as a compound it is bitter, and a purgative ; 
but the constituent parts, namely, the sulphuric ' 
acid and the potass, have neither of these pro- 
perties. 

Muriate of ammonia (sal-ammoniac) has no 
smelly but it is compounded of muriatic acid and 
ammonia. 

CAarles. These , indeed, have both very p«w* 
^r/iiJ aud pungent scents. 
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tor. Take a little sulphuret of potass, and 

en it with a few drops of water. 

nes. It emits a very fetid odour. ^ 

'.or. But it is formed of sulphur and potass^ 

I, taken separately, are without smell. The 

happens with regard to colour. How dif- 

; is the red oxide of lead (red lead) from 

ad of which it is formed. 

'rles. Is that powder, which we call red 

made of the metal of that name ? 

or. It is lead united with oxygen gas,(a) 

1 will see hereafter. Again ! what can be 

different in colour than tiie green oxide of 

r (green vitriol) and the copper of which 

3rmed. Cobalt, also, which is of a gray 

', when combined with oxygen becoihes of 

blue. 

ill mention another very striking instance ; 

grains of oxygenated muriatic acid, or a few 

of pure mercury, may be taken in water 
it producing any bad effect ; but if these 
ibstances are so combined as to form oxyge- 
mercurial muriate, they become, in that 
a most dreadful poison, which is known 

the name of corrosive sublimate. 

this principle bodies frequently change 
!brm : thus muriatic acid gas, and alkaline 
hen combined, form crystals of ammoniacat 
te. 

fluids will produce a solid, aa ^vsX^wxc, 
nd a aolution of potasd. Or xoML^oxftfc ^- 
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trate of lime with a solution of potass, and yoa 
have a complete jelly-like solid. 

James. Is not the solid substance the potaHi 
that was dissolved in one of the fluids ? 

Tutor, Yes, it is. I proceed now to 

LAW VII. 

*' The energy of chemical affinity, acting be- 
tween various bodies, is different in different 
substances." 

James. Pray explain what you mean by thit 
law. 

Tutor. You will learn, by a thousand experi* 
ments, that, when two substances, of different 
kinds, are combined, and unite into one whole, if 
a third body be presented, which has an attrac- 
tion to one of the constituent parts of the com- 
pound, superior to that attraction by which they 
were held together, the two bodies, between 
which the strongest attraction prevails, will com- 
bine, and the other will be disengaged. 

Experiment. Here is a little muriate of baiy* 
tes, to which I will add a few drops of sulphuric 
acid ; and now observe the change. 

Charles. Those two clear fluids have formed 
one very similar in appearance to cream. Of 
what does the muriate of barytes consist ? 

Tutor. It is formed of pure barytes and mu- 
riatic acid. 

C/mries. W^s there an atlt«LC\ioTi between 
those substances ? 



Ti'toT. TlK're was : but the barytes has a 
"tron^er attraction for the sulphuric acid than it 
Ij.is fur the muriatic, anJ therefore leares ths 
liilter to join the former. 

James. Then they unite with a force equal 
lo the difference of attractions that the barytei 
hae for the two acids. 

Tutor, Right: if the attraction of thebaryteS 
tQ the otBriatic acid be 9, and to Jhe sulphuric it 
be 18, then the union of the stilphuric acid to 
the barytes will be with a force equal to 3. 

fiiperiment 1. To a Foliitian of chalk, in ni- 
tric acid, add a aolntion of potass, and the chalk 
will re-as8iime its original form. 

Ex. 2. Into a solution of gold, pour some 
snlphoric ether, shake it well, and let it remain) 
at rest ; the ether will deprive the solution of 
all its gold. 

CharUt. Urn the acid, in which the gold was 
diicolved, a greater attraction for the ether than 
for the gold ? 

Tutor. Certainly, or this second union could 
not hnve taken place- 
Ex, 3. Od Ihe Bume principle, quicksilver 
dissolved in nitric ucid will be made lo re^^ppeaf 
bj an addition of a thin piece of copper. 

Same*- Do you crU the Huid now a solution' 
of copper in nitric acid ? 

7\itor. It is nothing else ; for the mercury 
hag fallen to the bottom. As nitric acid haa «.. 
(till stroi^j^er attraction for iron iVan W tQ^^ael 

Esrse atbinnUp of iron intW«%o\M&<iV4,trtfl^ 
i. /. 4 I 
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will be dissolved, the coppep precipitated, and 
the flaid is now a solution of iron in nitric acid.— - 
In the same manner, a piece of zinc will precipi-. 
tate the iron : and ammonia will join the acid and 
throw down the zinc, when the solution will be 
nitrate of ammonia. If to this solution of nitrate 
of ammonia, some lime-water be added, the am- 
monia will be disengaged, as may be known by 
the pungent odour, and Uie solution will be m- 
traie of lim^. Lastly, add some oxalic acid to 
the solution of nitrate of lime ; the lime will join 
the oxalic acid, and the nitric acid will remain. 
Charles, From these several experiments 1 
clearly perceive, that different bodies have dif- 
ferent degrees of affinity for one and the sam^ sub- 
stance, (a) 

LAW VIII. 

Tutor, ^' Chemical affinity is capable of unit- 
ing bodies in definite or indefinite proportions." 

Experiment. If water and alcohol be mixed 
lb ^ny proportion, a chemical combination en- 
sues. The compound has always a specific gra- 
yity different from the mean specific gravity of 
Uie fluids combined. Its bulk is likewise not the 
arithmetical mean of the fluids in a separate state. 

James, \ remember you told us before,* that 
a pint of alcohol and a pint of water, mixed to- 
gether, would not make exactly two pints of the 
compound, 

' See SchatiScDmHogaeSr vol.itt, p. 115, \1^. 
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This is aproofthat the two fluids b»ve 
id into chemical combinntion. The same 
ts the case when liquid acids aod water, or acids 
and alcohol, are combined. 

Chemical affinity, then, unites some bodies in 
an; proportion whatever ; their combination is, 
therefore, said to be unlimited. 

Charlti. Do you mean, that the proportions of 
the two substances, as the water and alcohol, 
may be varied indefinitely ? 

Ttitor. I do. In other cases, however, chemi- 
cal alfiaity is capable of combining two or more 
Gubstancca to a certain extent only. 

Experiment. Take sulphuric acid, and drop 
iato it a solution of alkali, as soda ; examine the 
Diiiture after every addition of alkali. For a 
considerable time it will exhibit the properties 
of an acid ; that is, it will convert vegetable blue 
colours into red, and it will have a sour taste. 
Bot there is a point where the combination ends ; 
and, if more fioda be added, the mixture will 
gradually acquire alkaline properties. 

James. Will it then change vegetable blues 
into green, and possess an alkaline taste ? 

Tutor. It will : and these properties will be- 
come stronger, the greater the quantity of soda 
k ndded. 

Bxperiment. Drop, gradually, carbonate of 
lime into muriatic acid, and you will see that an 
effervescence takes place, for the muriatic ac<4. 
and lime unite, and the car^iomt 'Acivi Sva* ^. 
Bat you mny go on adding the \vin«.,<\\\ ^V "'i'CQ 
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ice DO further effervescence, an4 the lime ialls 

the bottom. 

Charles. There ceases, then, to be any further 
lemical union. Does this experiment explain 
le reason why water can dissolve only a certain 
lantity of sugar or salt ? 

Tutor. Yes, it does ; and also why alcohor can 
ily dissolve a certain quantity of camphor ; and, 
Xer it has dissolved this quantity, i£ mare be 
Ided, it will fall to the bottom.(a) 
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CONVERSATION VIL 



Of Chemical JJ^niuj, 

CHJiRLES, I do not think we quite com- 
prehend the suhject of chemical affinity ; will 
you illustrate it still farther ? 

Tutor, I will, thous^h there should he some 
risk of repetition. When two suhstances unite, 
in consequence of their mutual attraction, they 
ire said to combine by virtue of simple chemical 
iffinity. Here is some muriate of soda, that 
s, a combination ofmuriatic acid and soda, form- 
id by single affinity. 

James. Do you mean, that these substances 
lave an attraction for each other ? 

Tutor, 1 do ; but nitric acid has a stronger at- 
itiction for the soda than the muriatic acid. I 
vill pour into the muriate of soda some nitric 
icid ; the muriatic acid is disengaged, and the 
litric acid combines with the soda. 

Charles., Is this new comViu^Woti \\vVfa\fc ^V 
oda ? 

4^ 
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Tutor, It is. ^ow I will add to thia some sul- 
phuric acid, which has a still stronger attractioii 
for the soda than the nitric acid ; the conse- 
quence of which will he, that the nitric acid will 
be expelled, and a salphate of soda will be form- 
ed of the sulphuric acid and soda. 

James, Was it owing to chegiical affinity, that 
the muriate of soda was first formed, and then- 
that the nitrate, and aflerwards the sulphate of 
soda were combined ? 

Tutor. It was ; for each of the acids has an 
affinity for soda, but the muriatic acid has the 
least or weakest attraction for it, the nitric the 
next stronger, and the sulphuric the strongest 
In almost all chemical books, there are what are 
called tables of affinity. 

Charles. Yes, I have seen them, but do Dot 
understand their structure or use. 

Tutor. I will make the matter clear by a short 
specimen, which exhibits some of the affinities 
of the alkalies, sulphuric acid, and nitric acid. 



Potass, Soda, 
Ammonia. 



Sulphuric acid. 
T^itric acid. 
Muriatic acid. 
Sebacic acid. 
Fluoric acid. 
Phosphoric acid. 
C^llc acid. 
Tartstfotis acid, kc. 



Sulphuric Acid. Nitric Acid. 



BarytPs. 

S{rontian. 

Potass. 

Soda. 

Lime. 

Magnesia. 

Ammonia. 

A4umlna, ivc. 



Potass. 

Soda. 

Barytes. 

Strontian. 

Lime. 

Magnefiii. 

Ammonia 

Alnmtna, &1*. 



KBKHlCiL ArFIKlTf. 

Does the firxt column poiot out the 

^ties that the eevi^ral acids hare for the suh- 
tisncca above it, vit. potass, soda, atul ammODia 

Tutor, It iloes ; and the acids are so arranged 
m to shoiv the order of their attraction for them. 

Cluirlta. Has the sulphuric acid the Btrongesl 
uilinity for sodu, and the tartarotis the leaRl ? 

TulJtr. Just so : tlie same thing happens with 
regard to the second and third columns. Bary- 
le; has the strongest affinity for aulphiiric acid [ 
the next in oi-der is the earth called strontian, 
then potass, and last in order is alumina. 

For nitric acid, potass has the strongest affini- 
ty, aqd, among the substances enumerated, sln- 
uiina has the weakest. 

.fames. I do not see the application of these 
tables to practical purposes. 

Tutor. In the column over which loda stands, 
the seTeral adds, as I have suid, exhibit a series 
of the a<litiitles of soda, decreasing in strength 
downwards, so that the combination of soda, with 
auv of the acids, may be decomposed by tlie 
other acids, that precede this substance, but not 
by those which follow it ; the same thing applies 
to potass and ammonia. 

Charles. I understand, by the experiment just 
now performed, that the muriate of soda can be 
decomposed by the sulphuric and nitric acids, 
because they range above the muriatic acid, but 
not by the sebacic and others, which, being be- 
low, have affinities less strong for sada than tha 
murJatJc acid. 
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Tatar. That is right : it is also evident, thai 
I mlpliRte of soda cannot b6 decomposed by any 
of the acids ; whereas, a tartrate of soda niayj- 
nndei^o decompositioD by all or any of the se^ 
ven acids above it. Look to the neict columnq 
how can I decompose the sulphate of potass ? 

James. Either by means of strontiaD or hi 
rytes, and the potass will be disengaged. Upon 
what principle are the tables of alliuities funned ? 

Tutor. Upon this, vie. that a given quHnlily (rf 
acid will take up a greater quantity of one base 
than of another, in proportion to the force of it< 
affinity for the base ; thus, in the instance of »«/- 
pkuric acid, it has been ascertained, that 100 
parts, by weight, take 200 parts of barytes to 
saturatt it ; but the same quantity of acid will 1m>. 
saturated by 70 parts of lime onlj. 

Charlei. Do you mean, that 100 ounces, OT 
graiua, of sulphuric acid, will hold in solution 
300 ounces or grains of barytes, and only 70 of 
lime? 

Ttitor. 1 do : and it should seem, that the 
quantity of base required to saturate a given 

Siuaottty of pure acic, is a true expression of the 
brce of affinity between the acid and the base. 
It appears, from Mr. Kirwan's esperimenta, that 
lOU parts of sulphuric acid will hold in solution 

^- ^;r°°- PoiaM. Sods. Lime. "^^^' ^^^''■ 
200 : 13S : 121 : 7B : 70 : 6B : 
and too parts of nitric acid will bold in soluti 
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refeniDg lo the column over which sul- 

Ific acid stands, jou will find, that the sub- 
»tiinc:es aiTHnge in the order of the figures just 
tfiuiscribed. — See table, page 42. 

James. Do yoM say that the afiintty of bsiytes 
toi the sulphuric acid is to that ol' potass as 200 
to 121, and 90 of the rest? 

Tutiir. That would undoubtedly be the law, 
^ovided the tables were formed with etrict ac- 
curacy, and the experiment made with pure Bub- 
slances. Such tables would give likewise, at 
ficst eight, the real nature and proportioos of - 
compounds : thus we should know, that sulphate 
of biirytes was a compound of 100 parts of 
sulphunc acid, aod SOU of lime ; sulphate 
of soda, of 100 parts of acid.nnd 78 of soda. I 
hope you now understand the nature of simple 
a^ity, or the affinity which simple substances 
hare for each other ? 

Churhs, 1 think we do. Pray what is com- 
pound aSinity 1 

Tvior. The action of two compound substan- 
i:e9, by which they mutually decompose each 
other. I will give you an instance, from the 
foregoing Libk, page 43. In this glass is a solu- 
lion of sulphate of ammonia : now, if I pour loto 
it nitric acid, there is no decomposition, because 
yon see, by the table, tfaitt the sulphuric acid has 
^greater afhaity for ammonia than the nitric acid. 

Jajoti, By the same rule, the sulphate of am- 
aonia cannot be decomposed by any o^ V\\e vi\&*v 
te siiliihuric ?tund& the \ii^Ue'*'i."vn.ot4.5» 
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Tutor. You are right. In the third coIqidd 
you see, that potass stands highest under nitric 
acid, and ammonia almost the last. 1 therefore 
add to the sulphate of ammonia a solution of the 
nitrate of potass. 

Charles, Now there is an evident decomposi- 
tion going forward. 

Tutor. The sulphuric acid o£ the soljAate of 
ammonia attracts the potass of the nitrate of pot- 
ass ; for potass stands higher in the table tbtt 
ammonia, and has therefore a greater affinity bt 
it : at the same time, the ammonia unites with 
the nitric acid. 

James. Are the new compounds sulphate €f 
potass and nitrate of ammonia ? 

Tutor. They are : this kind of attraction hii 
been explained or expressed by Dr. Black, and 
other chemists, in the following manner. By 
the table, page 44, the attraction of solphuric 

n -.yp, ^r .1 Acid for potass and am- 

and of the nitric acid for 
the same substances is 
as 117 and 40. Now it 
40 is evident, if the cross 
bars a h and e il be 
moveable about the point 
Xj and are drdwnbytba 

Sulph.acid. 26 Ammonia, contending forces of 
' 121 MO and 117*26, 

that the former , being equal to 161, must over- 
' e the latter ibrce, which is eq;a^\ otA'j Va \^a^ 
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Inld shut the bars together ; that is, a will 
e with d, and c with £. 
iarlei. The potass combines with the sulphu- 
acid, and the nitric iicid with the nmrooDia. 
Hifor. They do, and this is a proper illiis- 
tion of compound affinity. Here, by mixing 
phate of iunmonia and nitrate of potass, we 
re H double decomposition, which gives, as 
lults, the sulphate of potass aod niirale of 
monia. 

Tame: Is this double decomposition of any 
ictical importance ? 

Tutor. Yes, there are substances highly use- 
in the arts, that cannot be formed in any 
ler way. Acetate of alumina, used in calico- 
nlitig, cannot be made by mixing acetic acid 
1 alumina i but, by mixing sulphate of alumina 
th acetate of lead, the decomposition will lake 
Lce, and the acetate of alumina h formed. 
Take another ioslancc or two to iilustrate this 
able decomposition. Highly concentrated ni- 
c acid has no action upon iron, but, if r little 
ter be added, a violent action instantly takes 
ce. 

?Aar/ej. How is this accounted for .' 
riUor. The particles of the acid in it^t pure 
ie, hare a greater affinity for each other than 
the iron ; but by towering the acid with wa- 
, the union between the oxygen and a/olc, oi 
ich the nitric acid is composed, will be weak- 
id, part of the oxygen combines w'\\.\^^.Wv\(>'!^> 
' aitroas gas h diaengaged a.n4 ft\e3 ofi- 
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In thii glass I have a solution of nitrate of 
silver, to which I will add a solution of muriate- 
of lime ; two new substances will be formed, 
nitrate of lime, and muriate of silver ; the lat- 
ter, being insoluble in water, will be precipitated 
in a solid form. 

James. Is the white substance the muriate 
of silver? 

Tutor. It is. You will find tables of chemi- 
cal affinities in almost every work, and, from 
the little that I have explained, you will readily 
understand their uses, and the practical advan- 
tages to be derived from them. I beg you will 
look to Dr. Henry's table, No. VI. of the Ap- 
pendix, page 630, seventh edition, 1815. 

Charles. In that work there is a different 
kind of diagram, explanatory of chemical affinity, 
which I do not comprehend. 

Tutor. Diagrams of that kind were invented 
by Bergman, as a sort of register of any expe- 
riments in affinity. 

James. What should a complete register of 
an experiment express ? 

Tutor. It should show (1 .) the result ; (2,) 
the menstruum^ such as water, alcohol, &c.; (3.) 
the temperature of the substances when the ex- 
periment is made ; (4.) the state of the new 
combinations, whether they are precipitated 
from the menstruum, or remain dissolved, or 
are sublimed. 

Okrr/es. Can all thes^ thisi%s be expressed 
a mere £gute ? 



Wbat is the origin of the. term mej 

Tnltr. In aoewer lo the last question, th 
word ia deriTcil from -inensit, a month ; because 
the alchemiBta, in making experiments, used to 
continue each substance in solution a whole 
month; hence the fluid wai culled m^nstrunm. 

1 will now proceed to show how an experi- 
ment is to be registered by means of a diagram, 
and how the several circumstances juat referred 
lo, m-iy, by this means, he concisely expressed. 

Mere is a solution of muridte uf potass, at the 
temperature of CO'"'; 1 am desirous of ascertain- 
ing whether it can be decomposed by soda; 
upon trial, I find no change takes place ; which 
h^us expressed :— 

KMixiulc ( Muriatic acid. Soda. 
of / water 6(P. 

Polasj, ( Potaas. 

Charles. The substance to be decomposed 
is muriate of potass, placed on the outiiide of a 
bracket ; and witliia the bracket I see are the- 
component parts, viz. muriatic acid and potasx. 
What does "water 60"" mean? 

Trunr. It points out, that water is the men- 
atrauni ; and the 60" shows at what temperature 
it is. The soda is placed opposite one of the 
nmple substances, and, as no change is effected 
by the soda, the diagram ia left. un^eife'A., 
will give you flnotlier figure, raftvet nxote <^' 
piMe. 



MUTIBtB of PolBSS, 



I 



Jnmes: Her€ the menstruum is boiling wa" 
ter. Is potass presented to !i solution of muriate 
of soda in boiling water ? 

Ttitor. It is : a decomposition takes place* 
muriate of potass is formed, and soda is set fres 
from the muriatic acid. 

Charles. What do the straight lines vhow 
and below denote ? 

Tutor. They are straight, to denote that 
both substances remain in aohilion. Here are 
some other examples. 



Sulphate i Sulph. a. Slroa, Carlinn- ( Potais. Nitric ■- 
of \ wnter 60". ate of \ water BO*. 
'Uaenesia. ( Magneala. I Futajs. ( Carb. a. 



James. In the first of these examples I see 
that strootian decomposes the sulphate of loa^ 
nesia, and that sulphate of strontian is formed ; 
in the second, the carbonate of potass is decom- 

Siosed by nitric acid, and a nitrate of potass is, 
bnned. What do the lines mean ? 
Tii/o!-, In the first e]iRmp\e , the bracket abovl 
VKt ibe Hoe belov point downwaiia^ iJ»%^ 
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tbat boUi [iie sulphate of slronLiitn und the mn^ 
e precipitated. In the second, the uppe 
it line shows, that the nitrate of potnsa i 
B solution, and the lower line pointing u[ 
1$ denotes, that the carbonic acid goes off i 
le^nn of gas. Take two other enainptes. 



.te thr 
«re « 



Sslpliate i Solpb. a 

of ? waler 

Migneata. ( Magncsi 



Miiriate t Mur. a. Lime. 



tJ 



Charles. I understand these examples ; i 
the first, the sulphate of soda is held in solutioi 
and the magnesia precipitated ; in the aecoui 
the muriate of lime is precipitated, and the an 
niDnia soes off in tras. What does the wor 

Tutor. It shows that the experiment is cor 
ilacted by heat-, that is, that the muriate < 
uunonia and lime are heate'd together, to pre 
duce the decomposition. Now, ] think yo 
will comprehend the diagram given in Dr. Hen 
Ij's Work,* which is nearly this, 

Anetite of Zinc. 



Sulphate ( Zinc, 
of { 
Zinc. ( Sulph. I 



Acetom u. 1 Acelite 
Lead. ) LeaiL 



SulptiaCo of Lead. 
I. i, p. 64, seventh eilUon, \9,\h. \ 
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Jame$, Yes : the original compounds are the 
sulphate of zinc and acetate of lead ; these be- 
ing mixed, the lead goes over to the sulphuric 
acid, and the zinc passes • to the acetous acid, 
the sulphate of lead is precipitated, because the 
bracket points downwards, but the acetate of 
zinc is held in solution, because the point of the 
bracket turns upwards. 



CONVERSATION VIII. 



Of Heat. 



TJTOR, You understand what is meant lij 
action 1 

"hoTlei. it is that principle by which bodies 
eavour to approach one another ; thus, two 
:es of cork, swimining on a basin of water, 
e, by the law of attraction, a tendency to* 
da one another, or to the sides of the baain, 
irding as they are situated ; and two drops of 
'cury, placed near one another, will run to- 
ler, and form one large drop.* 
BWKi. By this principle, also, the planets 
e a tendency to the snn, and would fall to it, 
lie mutual attraction of the bodies were not 
inced by another invisible power.f 
"ufor. The natural effect of attraction is to 
jer bodies solid and compact. The princi- 
agent employed to counteract this iajire, or 
t. This is called, by chemists, caloric, and 
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it foand to exist in all bodies whiierer, in a 
greater or lesser degree. 

OuLrUt. Is there, then, a general law, which 
tends to bring bodies, or the parts of bodies to- 
gether, and another, which tends to remoTe 
them drom each other ? 

Tutor, There are ; and upon these apparently 
opposite principles the consistence of all bodies 
depends. 

James. That is, as the one or the other pre* 
Tails, a body is more or less compact and solid* 

Titfor. True ; when the attraction prevails, 
bodies are in a solid state ; when the heat, or 
caloric, is most powerfal, they are in a state of 
gas ; and the liqnid form is, perhaps, the meaa 
state, or the point of equilibrium between the- 
two. Water, in what we call its usual state, is 
in a Hquid form ; when part of its heat is takes 
away« it assumes the character of ice, and whes 
more heat is added, it flies off in the shape of 
steam. 

C%arle». Are all substances capable of exist- 
ing in these several states ? 

TVfor. All bodies in nature are either solid 
or liquid, or in a state of aeriform gas, or vapour, 
acconling to the degree of heat to which they 
are exposed. To a person who never lived oat 
of the Torrid Zone, nor conversed with those 
who had, it would seem scarcely credible, that 
water should become solid , or ice ; to us, how- 
erer, /Zr^p/ieiiofflenon is common enough. Mer- 
ciijyr gjgQ gg^Qjr f^ made aoUd, by t;a^vn^ vrvj ^ 



certain quantity of its caloric. On the other 
band, by the uppLcation of high degrees of heal, 
there is, perhap-s, Qot a substance in nature so 
hard and solid, that may not be converted into 
an aeriform state : — and, tlierefore, it bae been 
interred by Lavoisier, that all bo<lies are capable 
of existing in these several BtateB.(a) 

Jainet. You speak of taking away the heal of 
bodies — does heat exist in all substances ? Mer- 
cury, to the toQcb, seems to possess no heat ; it 
always feels cold. 

Jufor, Hot and cold are comparative terms : 
when I come nut of the bot hath, the air in the 
room gives me the sensation of cold ; but, if you 
were lo come out of the garden into tbe same 
tooni, the air of itwojld give you the sensation 
of heat, and you would wonder wby i coniplain- 
ed of cold. Take two baaius of water, one pret- 
ty hot and tbe other cold, and keep one hand in 
each a few minutes ; thea plunge them both in a 
third vessel of water, moderately warm, 

Charles. I have tried this ; and to the hand 
taken from the cold water this will be hot, but to 
the other it will give the sensalioQ of chilliness- 

Tiitor. In genera], every body appears hot or 
warm on being touched, which is at a higher 
temperature than the hand ; and every body, 
which is less heated than tbe hand, and draws 
heal from it, on being touched, appears cold. 

James. What is cold ? 

Tutor. Coldness is only l\\e a^iafew^^.t q' 
rather (lie delifieucy of heat ; ani, aa'^o^^vvvji'^ 
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Dr. Black, i( Is the st»te th« most proper to mat 
ter; the state which it would asaume, were i 
left to itself^ and not aflecteJ by sume externa 

Charles. What is heat ? 
Tutor. Heat, or caloric, is plainly somethiiti 
either superadded to common matter, or it caiuei 
some alteration of it from its common rotate j ant 

it esists in two states, vU. in comhinalion and a 

Jarnes. 1 do not understaud these terms. 

Tutor. Caloric, in combination, forms a rj>o- 
Btituent part of all bodies ; in this state it is noi 
eensible to our organs : but it is probably owinj 
to this that the particles of bodies do not toad 
each other. When it becomes sensible to oai 
•feeUn^, or can be indicated by the thermometer 
it is then denominated free caloric, 

Charles. When the thermometer rises, doe 
it show that free caloric is entering into the sv% 
ronndihg bodies ? 

Ttitor. Certainly it does : and the tbermometfl 
itself, which is one of these bodies, receivi 
share, in proportion to its mass, and to the 
city which it poseesses for containing calorir 

Jamcf. la there culoric in combinatioi^ 
the coals and wood that arc in the grate ? 

Tutor. Yes : and by applyinga light to llil 
the caloric is disengaged, becomes free, ajM 
absorbed by surrounding bo<.liei.(a) 

Claries. Does the thertnomelci felww th J 
■t quantity ofcahric disen^agei ? 
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Tutor. No : it only annoiiiices a change of 
place of the caloric, and iadicatei the portion of 
it receired, without being the measure of the 
whole qaantity displaced. ^ 

Jamti. 1 now understand what is meant by 
free and combined caloric. The heat waa in the 
wood aad the coals before the light was applied 
to them, but by the application of the candle it 
wu set at liberty. 

Tiitor. You are right; we will resume the 
anbiect to-morrow. In the mean time, remem- 
|>er diat caloric eiists in every body, and in 
every place with which we are acquainted. It 
cooduntta most readily with every species and 
tonticle of matter. On this flubject, Dr. Black 
haa given the following as a general ]aw : — 
" 1V1i«never a body changes its state, it either 
combines with or is separated from caloric." 
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CONVERSATION IJC. 



Of IleaL 

JAMES. I d6 not comprehend what calorie 

Tutor. Perhaps you may never know wlmt 
18, bat from its effects. It has been defined i 
unpenetrable fluid, highly elastic, and so mM 
that its gravity has not been yet ascertained. 

Charles. If it be a snbstance, it mnst neve 
theless have gravity. 

ThAtor. Certainly ; according to the definiti< 
formerly given to matter ;* and means may her 
after be found to aiscertain its gravity ; but 
present we know it is diffused through, and coi 
bined with all bodies ; nor can it be entirely 8 
parated from any of them. 

James. Then ^caloric is not to be had in a pu 
and separate stale ? 

Tutor. It cannot : and chemists, in reasomi 
upon bodies, take no notice of the caloric 
them, but consider it as essential to their e 

* Sc/entlfic Dialogues, vo\.t,Y»-V>. 



Charlfi. You can incrense or dimiaish t 
inanti^ of caloric in bodies, though It ia not p 
■ibie either to take it wholly away from any, < 
obtain it by itself. 

Tutor. True : for in taking away calori 
abody, we do btit change its place, by taking! 
from one and giving it to another body. Thin 
if I have a pint or a pound of water, at 90°, 
can ditninish the quantity of caloric immediately 
Inr mixing it with water of a less temperature 
i^ for instance, 1 add to it a pqund of water ■ 
", the mean heat of the whole will be 70* 
" having been in this case subtmcted from th 
p quantity and added to the other. 

. The water, if ever so hot, will cool < 
ietf. 

Tutor. That is, the paloric will fly off from th 
water, and unite with the surrounding air, o 
other adjacent bodies ; for there in a tendenc 
in caloric to fly off from any hotter body to thoi 
in its vicinity that ure cooler. Ileal is t' 
brought into a state of equilibrium. 
Oiarlcs. How is thia known? 
Tatar. By the thermometer it is found, I 
all bodies, commttnicating freely with each oth^ 
acquire in a greater or less lime the same 
of temperature. 

James. Arc the different bodies in a room i 

which there is no Are, and to which the sun has 

Bo access, all of the same tempevdt.ftve.1. \ vaiv 

■ure they do not appear so to tUe XomcV. "^Ve 

Fjfgpn clalh sp-m' much vuarmeT vVian \Vf- "u^ 



on which it lies, and the table is less cold Chwi 
the marble slab : how, therefore, do these hudBi 
which cannot, I think, be denied, be made to 
accord with the theory of this universal eqnUi'^ 
brium, with regard to heat ? 

Tutor. The difficulty which you feel, depend* 
partly on your own sensations, and partly upon 
the nature of the substances to which you refer, 
some of which are better conductors of heat thtti 
others. If you try the cloth, the table, and the 
slab, under the circumstances which yoii have 
described, by the thermometer, you will find 
they are all of the same temperature. 

Charles. Is the thermometer, then, as ittlname- 
imports, a true measure of the heat of bodies f 

Tutor. Of the temperature^ or degree of heali 
it is, but not of the quantity of caloric which 
they contain ; because, in bodies of different 
kinds, the quantities of absolute heat may be un- 
equal, though the temperatures be the same. 

Experiment. Let a piece of iron, and another 
ef wood, be heated in an oven till they both ex- 
hibit the same degree of temperature by the 
thermometer. To the hand, the iron will feel 
tlie hotter body ; that is, the iron will communi- 
cate more heat to the hand, and will continne 
longer to communicate heat, before it assumes 
the temperature of the hand, than the wood will 
do. 

James, Do you infer from this, that the iron* 
contains the greatei; quantity of caloric ^ althougfar 



by the thermometer, U did not appear to be at a 
higher degree of tempemturc than the wood ? 

Tutor. Certainly : because it could not gire 
out what it did not possess. Again, let the iron 
:ind wood he both immerged in snow till the 
leoiperalure of both is reduced to 32° ; that is, 
to tlie temperature of the saow. The iron now 
will feel the colder body of the two to the hand, 
and will continue a longer time to feel cold be- 
fore it becomes of the same temperature with the 
hand. In other worda, it seems to require a 
greater qunntity of caloric than the wood, be- 
cause it is at an equal temperature with the hnnd. 

CharUi. Perhaps this may depend on the 
quantity of matter contained in each substance ; 
iind that, as there is more matter in the Iron 
than in the wood, more caloric is required in 
the former than in the latter, to bring them to 
(he same temperature. 

Tatar. This is n natural supposition, but ex- 
periments prove, that it is not well founded ; 
Dr. Black ^ays, and no one understood the sub- 
ject better than he did, that the proportions are 
widely different from this. He found, that 
i|uicltjilver, which is fourteen times heavier than 
water, was warmed by a fire much faster than 
water ; and it cooled faster too, i^en they were 
both exposed to the same current of air. 

Jaines. Is that the reason ivhy quicksilver 
was preferred, of all other fluids, fur the con- 
struction of thermometers ? 

Tiaor. It jjrohably was : snA 'Dt. ■V.\'\(:^. 
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from this circumstaDce, inferred, that the ca/ 
city of different bodies for heat can only 
known from actual experiment. 

Charles, What do you mean by the wc 
capacity in this connexion ? 

Tutor. The meaning is pretty nearly ,\ 
same as when the term is applied to vessel 
in these, the capacity is greatest, in that whi 
will contain the most ; so it is with regard 
caloric ; that substance is said to have the gre 
est capacity for it, that contains the most to 
brought to a given degree of temperature, 
measured by the thermometer. 

Charles. Then iron has a greater capac 
for caloric than wood. 

Jaines, And quicksilver has a less capaci 
for it than water ; because it requires a small 
quantity of it to raise its temperature to a giv 
degree on the thermometer. 

Tutor. Certainly. On this subject, Dr. Bla 
drew three inferences, which, if not absolute 
true, are near enough the truth to answer o 
purposes. The Jlrst is, tliat caloric, or the nu 
ter of heat, is disposed to enter into, and to Ua 
the di^erent kinds of matter with equal celerity .{i 

Charles, If that be the case, it is certaj 
thnt iron, whi^ h is longer in heating and coi 
ing, must have a grecater capacity for caloric th 
wood, because it receives or throws it out 
fast, but is longer in coming to the same degr 
oftemperature. 
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Tutor. The second inference is. thiit tht i 
I ttrity with mhich citloric or heat it coininwnicaled ■ 
I frem hotter bodies to colder ones t's nearly proper- 
\ n'cma/ to the difference of their lemjierature. 
' Charle». Do you mean, that the heat is taken 
away fastest at first, and more and more slowly 
iil\erward8 1 

Tutor. Yes, I do ; and the reason is obvioua 
— becaUEe tlie air, becoming every moment 
warmer, while it cools the hot body, is less fit 
to take away the rest of its heat. 

James. This can be the case only when the 
air is stagnant ; if the hot body be exposed to a 
corrent of wind, it may lose equal quantities of 
beat in equal times. 

Tufor. True ; and this obgCrvation will en- 
able yoit to understand why, io frosty weather, 
if the air is calm, wc do not experience cold so 
much as when there is wind. 

Charles. I have frequently thought a windy 
day colder than a. calm one, though the thermo- 
meter has been several degrees higlier in the 
former than the latter. 

2'utor. In calm weather, our clothes, and the 
air entangled in them, receive heat from our 
bodies, which is accumulated to a cei'tnin degree. 
But in windy weather this heat is prevetited 
from accumulating ; the cold air, by its rapid 
succession, cooling our clothes faster, and carry- 
ing away the «-niTn air that wa«i i^ntaiigled in 
Ihem. 
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is found to exist in all bodies whatever, in a 
greater or lesser ctegree. 

Charles. Is there, then, n general law, Trhiclj 
tends to bring bodies, or the pnrl:^ of bodies to^ 
gether, and another, which tends to remort 
them from each other 1 i 

Tatar. There are ; and upon these. apparentljFj 
opposite principles the consistence of all bodiet 
depends. » 

Jaines. That is, as the one or the other pre* 
vails, a body is more or ie^s compact and soUd^ 

Tutor. True ; when the attraction previil^ 
bodies are in a solid state ; when the heat, a 
r.aloric, is most powerffil, they are in » Btate d 
gaa ; and the liquid form ia, perhaps, the tne 
state, or the point of equiiihrium between t 
two. Water, in what we call its usual state, i^^ 
in a liquid form ; when pari of its heat ie taka( 
away, it assumes the character of ice, and wbok 
more heat ia added, it Qiea off in the shape m 

Charles. Are all substances capable of exist* 
ing in these several states ? 

Tutor. All bodies in nature are either solid 
or liquid, or in a slate of aeiiform gjs, of vapour* 
according to the degree of heat ta which thejj 
are eicposed. To a person who never lived »# 
of the Torrid Zone, nor conversed with the«|[! 
who had, il would seem scarcely credible, tbtf 
iFH/er should become solid, or ice ; to ua, how- 
ever, the pftenomenon is cotnmoTi ewsvigh. Mer- 
cary bJso may be made BoV\d, \i^ to^tw^amwii 
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certain quantity of its taloric. On the Otlier I 
liand, by the application of high degrees of heat| M 
there is, perhaps, not a subatance in nature 3^ 1 
bard and solid, that Di:iy not be converted ii 
an aeriforni atate : — and, therefore, it has be 
inferred by Lavoisier, that all bodies are capable 
of esisting in these several states. (a) 

Jamei. Yon speak of taking away the heat of 
bodies — does heat exist in all substances ? Mer- 
rury, to the touch, seems to possess no heat ; it 
always feels cold. 

JVtor. Hot and cold are comparative terms : 
when I come out of the hot bath, the air in th« 
room gives me the sensation of cold ; but, if you 
ivere to come out o( the garden into the same 
room, the air of it would give you the sensatioa,^ 
of heat, and you would vtonder why 1 complaiim^ 
ed of cold. Take two basins of water, one pret- 
ty hot and the other cold, and keep oue hand in 
each a few minutes ; then plunge them both in a 
third vessel of water, moderately warm. 

(Aarles. I have tried this ; and to the hand 
taken from the cold water this will be hot, but to 
the other it will give the sensation of chilliness. 

Tutor. In general, every body appears hot or 
warm on being touched, which is iit a highe 
temperature than the hand ; and every body 
wiiich is less heated than the hand, and draw 
heat from it. on being touched, appears cold. 

James. What is cold ? 

Tutor. CoJdtiesa is only ttie tftiaewca q 
tke ded^ieiicy of heat ; an*, anc^^Swar 



Dr. Black, it is Ihe state the most propei 
ter ; the state which it would assume, were | 
left to itself^ im<l not afl'ected by eouie exten 
cause. 

Charles. Whatis heat ? 

Tutor. Heal, or caloric, is plainly si 
either superddded to common matter, or it ca 
some alteration of it from its common stale ; 
it exists in two states, viz, in coiiibination. and 4| 

James. 1 do not understand these terms. 

Tutor. Caloric, in combination, forma a 
fitituent part of all bodies ; in this state it is 
sensible to our organs ; but it is probably owini; 
to this that the particles of bodies do not touch 
, each other. When it becomes sensible to our 
•feelings, or can be indicated by the thermometer, 
it is then denominated free caloric. 

Charles. When the thermometer rises, dod 
it show that free caloric is entering into the sur- 
rounding bodies ? 

Tutor, Certainly it does : and the thermometer 
itself, which is one of these bodies, receives its 
share, in proportion to its mass, and to the caps- 
city which it possesses for containing calorir. 

Jamts. Is there caloric in combinulion in 
the coals and wood that are in the grate ? 

TyXiir. Yes ; and by applying a li(!;ht to (hein< 
the caloric is disengaged, becomes free, and is 
absorbed by surrounding bodies. (a) 
CStar/es. Does the thermomelet %\»qw the «- 
^ct quaotitj of caloric discnjiigpi ', 
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Tutor, No : it only announces a change 
place of the caloric, and indicates the portion y 
it receiyed, without heing the measure of th 
v^hole quantity displaced. \ 

James, I now understand what is meant h} 
free and combined caloric. The heat was in the 
wood and the coals before the light was applied 
to them, but by the applica^on of the candle it 
was set at liberty. 

Tutor. You are right; we will resume the 
subject to-morrow. In the mean time, remem- 
|>er. that caloric exists in every body, and in 
eyeiy place with which we are acquainted. It 
eombioaB most readily with every species and 
fMiticle of matter. On this subject. Dr. Black 
las given the following as a general law :— - 
* Whenever a body changes its state, it either 
omlnnes with or is separated from caloric/.^ 
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Of Ileal. 

JAMEIS. I d6 not comprehend what calorie is. 

Tutor, Perhaps yoa may never know what it 
18, bat from its effects. It has been defined an 
unpenetrable floid, highly elastic, and so subde 
that its gravity has not been yet ascertained. 

Ch^rlei. If it be a snbstance, it must never* 
theless have gravity. 

Tutor, Certainly ; according to the definition 
formerly given to matter ;* and means may here* 
after be found to ascertain its gravity ; but at 
present we know it is diffused through, and com- 
bined with all bodies ; nor can it be entirely se- 
parated from any of them. 

James. Then caloric is not to be had in a pure 
and separate state ? 

Tutor, It cannot : and chemists, in reasonSiig 
upon bodies, take no notice of the caloric in 
them, but consider it as essential to their ei- 
hteoce. 

* ScieatlGc Dialogues, vo\/t, v. V>. 
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Charles. \ ou can iocrease or diminish the 
quantity of cnloric in bodies, though it is not pos- 
ible either to take it wholly away from any, or 
ibtain it by itself. 

Tutor. True : for ill tiiking away caloric from 
I body, we do but change its place, by taking it 
rom one and giving it to another body. Thus, 
f I have a pint or a pound of water, at 90**, I 
tan diminish the quantity of caloric immediately, 
>v mixing it with water of a less temperature ; 
I, for instance, I add to it a pqund of nater at 
W, the mean heat of the whole will be 70° ; 
10" having been in this case subtracted from the 
>ne quantity and added to the other. 

JaiMs. The water, if ever so hot, will cool of 
tself. 

Tutor. That is, the ca)oric will fly off from the 
water, and unite with the surrounding air, or 
i>ther adjacent bodies ; for there ia a tendency 
in caloric to fly off from any hotter body to those 
in its vicinity that are cooler. Heat is thus 
brought into a state of equilibrium. 

Charles. How is this known ? 

Tutor. By the thermometer it ia found, that 
ill bodies, communicatitig freely with each other, 
■cquire in a greater or less time the same degree 
at temperature. 

James. Are the different bodies in a room iit 
which there is no fire, and to which the sun has 
BO access, all of the same lemper*l,«Tel \ 'ffiv 
lure thej do not appear so to tbc \,ottc\\. '^Va, 
trern cinth spptn' much warmer vVan *i«. ^5*^' 
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on which it lies, and the table is less cold thiiB 
the marble slab : how, therefore, do these hctBi 
which cannot, I think, be denied, be made to 
accord with the theory of this universal equili-^ 
brium, with regard to heat ? 

Tutor, The difficulty which you feel, depend* 
partly on your own sensations, and partly npon 
the nature of the substances to which you r^fer, 
some of which are better conductors of heat than 
others. If you try the cloth, the table, and the 
slab, under the circumstances which yoii hare 
described, by the thermometer, you will find 
they are all of the same temperature. 

Charles, Is the thermometer, then, as its name- 
imports, a true measure of the heat of bodies ? 

Tutor, Of the temperature, or degree of heat' 
it is, but not of the quantity of caloric which 
they contain ; because, in bodies of different 
kinds, the quantities of absolute heat may be ud« 
equal, though the temperatures be the same. 

Experiment. Let a piece of iron, and another 
ef wood, be heated in an oven till they both ex- 
hibit the same degree of temperature by the 
thermometer. To the hand, the iron will feel 
Uie hotter body ; that is, the iron will commani- 
cate more heat to the hand, and will continue 
longer to communicate heat, before it assumes 
the temperature of the hand, than the wood will 
do. 

James. Do you infer from this, that the iron 
contalna the greater quantity of caloric ^ dthoughr 



<y llie thermometer, it did not appear to be at a 
ligher degree of temperature than the wood ? 

Tutor. Certainly : because it could not give 
)ut what it did not possess. A^in, let the iron 
ind wood be both immerged ia snow till the 
cmperature of both is reduced to 32° ; that is. 
.0 the temperature of the snow. The iron now 
rill feel the colder body of the two to the hand, 
ind will continue a longer time to feel cold be- 
fore it becomes of the same temperature with the 
liaad. In other words, it seems to require a 
;reater qunniity of caloric than the wood, be- 
:ause it is at an equal temperature with the hand, 

CharU). Perhaps this may depend on the 
ijuaotity of matter contained in each substance; 
nod that, as there is more matter in the iron 
ifaan in tlie wood, more caloric is required In 
the former than in the latter, to bring them to 
Ihe same temperature. 

Tutor. This is a natural .aiipposition, but ex- 
periments prove, that it is not well founded ; 
Dr. Black myg, and no one understood the sub- 
ject better than he did, thnt the proportions are 
iridely difierent from this. He found, that 
ignick^ilver, which is fourteen times hearier than 
water, wiis warmed by a fire much faster than 
water ; and it coaled faster too, i^en they were 
both exposed to the same current of air. 

Jaine$. Is that the reason why quicksilver 
If as preferred, of idl other fluids, for the con- 
'truction of ihermomefers ? 

Tu/or. It probably was : aTvi\ \1t- '^iVs'*.. 
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from this circumstaDce, inferred, that the capa- 
city of different bodies for heat can only b« 
known from actual experiment. 

CTiarles, What do you mean by the word 
capacity in this connexion ? 

Tutor. The meaning is pretty nearly the 
same as when the term is applied to vessels ; 
in these, the capacity is i^catest, in that which 
will contiin the most ; so it is with regard to 
caloric ; that substance is said to have the great- 
est capacity for it, that contains the most to be 
broui^ht to a given degree of temperature, as 
measured by the thermometer. 

Charles. Then iron has a greater capacity 
for caloric than wood. 

Jaifies. And quicksilver has a less capacity 
for it than water ; because it requires a smaller 
quantity of it to raise its temperature to a given 
dei^ree on the thermometer. 

Tutor. Certainly. On this subject, Dr. Black 
drew three inferences, which, if not absolately 
true, are near enough the truth to answer oar 
p'.r poses. The JirH is, tliat caloric, or the mat- 
ier of heat, in disposed to enter into, and to leave 
*h'i d iff f',rent kinds of matter with eq%uU celerity, {a) 

Ckarlcs, If that be the case, it is certain, 
•h'lt iron, wlii^h is longer in heating and cool- 
irit;, must have a greater capacity for caloric thau 
r.'oiMl, iiecaiisc it receives or throws it out as 
: '^l, b^t is longer in coming to the same degree 
•^ftifijjporHture, 
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The secoinl inference ia, that there- 
vith which calorie or heat U coiitinuaicaltd 
m hotter bodiei to colder oTiet is nearly propor- 
tal to the diff'erence of their lemperalure. 
L'karlei. Do you mean, that the heat is taken 
aj fastest at tirat, and more and more slow]; 

Tutor. Yes, I (io ; anil the reason is obvions 
because tlie air, becoming every moment 
nner, while it cools the hot body, is less fit 
take away the rest of Its heat. 
James. This can be the case only when the 
is stagnant ; if the hot body be exposed to a 
rrentofwind, it may lose equal quantities of 
at in equal times. 

Tutor. True ; and this observation will en- 
leyou to understand why, in frosty weather, 
the air is calm, we do not experience cold so 
ich as when there is wind. 
Charhf. I have frequently thought a windy 
y colder than a calm one, though the thermo- 
iter has been several degrees higher in the 
■mer than the latter. 

Tutor. In calm weather, our clothes, and the 
' entangled in them, receive heat from oar 
dies, which is accumulated to a certain degree, 
it in windy weather this heat ■« prevented 
lulating ; the cold air, by its rapid 
" ig our clothes faster, and carry- 
way the iviiirn air fhiit wax rntongled i 
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Januu \h Dot the ibeniMwmr affected 
the wind ? 

Tvior. In general, not « alL The merci 
of a tfaermomeier, siispended in a large roQ 
did not f^ in the least when a stream of air v 
directed i^eainst the bulb : but, if that air I 
been directed acainst ]& on and ae, we shot 
hare felt colder certainljr. 

CharUs. Then the air is not made cok 
by agitation ? 

Tutor, It is noL A piece of ice suspend 
in the air of a warm rnom« and blown upon 
bellows, instead of beins: kept more cool, as c 
bodies woold. and preferred the longer firom 1 
ing totally melted, would be melted &ster tli 
when the* air is allowed to be quiet aroand it 

Charl€$. From this account of the mattei 
see the reason why we are in dai^r of taki 
cold, by being exposed to a current air, wl 
we are rery warm from exercise. 

Tutor. 1 hope, then, you will in future pn 
by this knowledge. The third inference 
that the celerity s^ith zehich calorie is commumc 
I edfrom hotter bodies to colder ones is proportit 

., \ able to the extent of contact j and the doseneu 

\}. communication betsceen the bodies, 

*' ' James. That is the reason whv the water 

broad and shallow kettles, called conjurors^ v 
boil so soon. Because the extent of surface 
80 great, in comparison of others that cont 
^^ua) guantitiea of water. 



Tutor. For llie sHme reason in large works, 
as fonndeiies and breweries, the fire ia made to 
exteud round the coppers, &c. in which the ma- 
terials are put to be melted, or heated. 

By this principle is explained the canse why 
bodies that are spongy are longer in heating than 
those which are more dense. 

Ckarlef. Our short poker in the nursery, 
when kept in the tire a few minutes, cannot be 
held in the hand without burning it, but a piece 
of stick, much ahorter than this, I could hold 
easily by one end while the otlier is burning 
away in the tire, is that because the wood is 
more porous than the iron ? 

Tutor, It \i. You see also why our clothcf, 
made of wool, are so well adapted to keep ns 
warm in cold weatlier. 

James. Yes, because the heat of our bodies 
IK a good while in making its escape through 
such porous and spongy substances. 

Tutor, fn very cold countries, the inhabit- 
nnts are not only wrapped in furs in the day. 
hut they cover themselves by night with feather 
beds. 

Charles. Do not these things add warmth to 
!he body 1 

Tutor. No : they only preserve the heat of 
it from escaping. As a proof of this, the very 
same thing?, ns Uannel and furs, are used (o keep 
ice cool. The beat way to preserve a lum^ ol 
ice from meJlio^, in a warm room, v^ovM.^*^* 
'rmp it up in Bcrensl foldings of (lanvae\. 



Jamei. la it ibr ■ umilar kuoo, ttNt flie 

Snitd is neTW tuj mvch afiected ij ft«t, if 
■DOW npon i^ii pnttj deep ! 

7%t«r. IM : mthing can be more spongy 
ud tott tluD UMW, in iti oKhiral state, and 
liothiiig preserTM r^etablea and corn better, in 
long aiM wrere frosti. In cold climates, the 
wool and hair of dte wild anioktls is much in- 
CKKMd againat tite winter, to preserve them ■ 
fiom the sereii^ of the seauHi. Tbe same thing J 
lumpesa, ttoqgh in a ieaa degree, with tame am- 1 
»ab, H ttie Irane, cow, &c. . ' 

Oimrhi. The earth mnst, bowerer, I^e coil- 
ed down to die freezing point; becana^'lMiw 
ean never be preserved at a higher tempeiiMn 
ttian this* '' ' 

TWor. True : but this is a gteat decree of 
keat, compared with the cold in the lii|^ 
Bordiern chmatea. In atanj parts of Lqihud 
die thenDometer freqaenUj &Us 32 de g rees be- 
low the fte^ng point : which is just as mnch 
colder than simple frost as frost is coldeir than lbs 
usual warmth of oar summer weather. In some 
ports of Siberia, the cold has been so serere'ss 
to freeze the mercury in the thermometer,'orat 
least 7?(a) degrees below the freeziog point. 
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CONVERSATION X. 



OfUkit Action of Heat upon Bodies, 

TUTOR. You know that beat, or caloric, ex- 
pands bodies ? 

Qiaries, Yes : I remember the experiments 
on the pyrometer,^ which showed this very 
dearly. 

James* Bat those experiments related only 
to solid substances. 

Tutor, They did ; bodies, however, are ex- 
panded least ift the solid state ; more in a liquid 
itate ; and wjost of all in an aeriform state. 
fere is a tube about twelve inches long, and on- 
f one third of an inch in diameter ; I will fill it 
p to this mark, about eleven inches, with cold 
ater : and then plunge it into boiling water, und 
lu will see, after a few minutes, that the water 
the tube has risen above the mark. 
Charles, The expansion of air, too, is very 
nifest by tying up a small quantity oi^NlxM*^ 
ider, and bringing the bladder ive'dT ^^^^ 

* See Scien tific Dialogues^ "voi. Vv ^ V • '^^^ ^ 
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Tutor. In certain fluids, as qaicksilver, lin- 
seed oil, and alcohol, the expansions, withia 
certain limits, are proportional to the quantities 
of heat communicated to them. 

James. Do you mean, that the quantity of 
heat, required to raise the mercury in the ther- 
mometer four degrees, is double that which is 
required to raise it two degrees, four times that 
required to raise it one degree, and so in pro- 
portion ? 

Tutor, I do : and upon this principle, mer- 
cury, oil, and alcohol, have been, and are still 
used in the construction of thermometers. 

James. You said there were limits to the re- 
gularity of these expansions. 

Tutor. Yes : these are near the points of coq- 
s;elation and evaporation, and then they cannot 
be depended on as thermometers. 

Charles. If fluids expand by heat, and con- 
tract by cold, what made the pipe belonging to 
the cistern burst in the frost ? 

Tutor. That is a proper question ; it leads 
to the mention of some objections to the general 
rule. Water contracts, till it has sunk to with- 
in 8 degrees of the freezing point ; and then, 
strange as it may appear, it expands ; and this 
expansion is the cause of the bursting of vessels, 
in which water or other fluids are suffered to 
freeze. 

CharleS' How is this expansion accounted 
/or/ 
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I 'Alor. The difficulty ia resolved by the laws I 

I of crystallization, which cause the particles to I 

I unite, so as to give the solid mass a certain pecu- i 

I tiar coafi^ration. The same thing happens to I 
I oat iron, which expands as it coola. 
I Jamet. Do not Mr. Wedgewood's thermome- 
I ten* fonn an exception to this rule, forin them 

I the clay contracts by heat. , \ 

I Tutor. It seems so at drst ; but the contrac- , 

I lion of the clay probably arises from the expul- | 

I nan of the moisture tri>m it, and not from the , 
I action of beat on (he particles themselves, (a) 
I (Aarlei. Does heat change the form of bodies ? 
I Tutor. Yes : as we have seen, it converts 

I tolids into liquids, and liqaids into vapours, or i 

, into permanently elastic fluids. The liquid and I 

vaporous forms of bodies are brought about in 1 

the same way with the expansion of solids, being I 

only higher degrees ofit. 
James. Is it not the same with regard to the 

[ aeriform state ? ' 

Tufor. No : in that case, the particles appear 

I to be thrown into certain spheres, in which they . 

I )ire fixed by some other force than that of heat, j 

j These they do not quit by any degree of cold i 

I (hit ban been produced. j 

Chnrles. I am not sure that 1 understand ■ 

I what is meant by latent heat. I 

Tutor. Every body, which passes from th^ 1 

wlid to the liquid state, absorbs a portiim ottvtW, J 

rcb, Iboagh it exists in a state of c 
• ScieatiBc Dialogues, vol. v 
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is not sensible to the thermometer, and is, there- 
fore, called latent or concealed heat. 

Experiment 1. If a pound of water, at 32*^, 
be mixed with an equal quantity of the same 
fluid, at 172*^, the temperature of the mixture 
will be 102"^, which is the arithmetical mean of 
the two temperatures, because 32'' + 172 

=102 

2 

James. Here a quantity of heat, that raised 
the thermometer 70^, passed from the warm 
water into the cold, by which the temperatnre 
of the latter was increased 70**. 

Tutor. If a pound of ice, at 32*^, be mixed 
with an equal quantity of water, at 172^, the 
temperature of the mixture will be still 32^ only. 

Charles. Has the hot water no other effect 
than that of dissolving the ice ? 

Tutor. . No : whence it follows that 140**. of 
heat or caloric are absorbed, which produce no 
change in the thermometer. 

Experiment 1. The mercury ofathermome 
ter, plunged into a vessel filled with pounded 
ice, will immediately descend to 32*^. If, then, 
the vessel be immersed in boiling water, the mer- 
cury will not rise during the whole time that the 
ice is liquefying. 

Ex. 2. Dr. Black found that a lump of ice, sus- 
pended in a warm room, took upwards pf five 
^oursto hqvefy ; during which time, a stream of 
^'oJd air continued to flow ftom\l. He says, 
^^at if the caJoric, whicVi was comm\wv\va\A^Vi 
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ead of .haying been absorbed, had been ^i 

^ed in making the ice sensibly hotter, its il 

*atare, at the end of the time, would have 
ed that of red hot iron. 
is. Is heat, then, the cause of fluidity ? 
r. It is : ice and snow require large por- 
f it to bring them into a state of fluidity* 
les. Is that the reason why ice and snow 
long in melting, afler a change of wea- 
»m a severe frost ? 

r. When a thaw succeeds to frost, the 
nd ice are very soon brought up to 32^, 
iy begin to be changed at the surface into 
if now it required only the addition of a 
uantity of heat, to eflect the ehange com- 
, the ice and snow must be melted in a 
bort time, whereas it takes sometimes 
lays, or even weeks, to liquefy, although 
3ric continues to be communicated inces* 
from the surrounding air. 
'8. This seems to be a very fortunate cir- 
ice ; since, as it is, we oflen have floods K j, 

le breaking up of a frost, though the snow ^U^ 

3 gradually. .^yf j 

r. It is, indeed : for in some countries, \f. 

the snow lies very thick on the ground, if 
ting were instantaneous, the torrents and 
ions would be absolutely irresistible; 
ould carry every thing away in their 

les, U it the slowness witYi vj\\\c\v \ce \^ 
'hat enables confectioners aad oVXv^x^ VA 
n ice-houses so long ? 
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jlWor* Tea: Ub^EU»toBMllt,p6iiia|it»i]B« 
diateljr,lnit, as the bnildiog is exposed as I 
as possible to the external air, and is eithet, 
der (sroiuid or in a shady i^ace, and coreredi 
a thick corering^ of thatch, the heal pcuiett) 
rerj slowly ; «iid there are aiwajs ^irai|i 
carry off the water that rons from it. 

Jame$. They hare doable doors ; one aft 
distance of several feet or yards within anotl 

TWon This is in order that the person ' 
fetches away the ice may go in and shot 
outer door before he opens that which is. i 
the ice. By this precaationy a rery panll | 
tion of the external air gains, access to the ii 
pait of the ice-house ; and thus ice is 1 
doring die whole summer. For the same ; 
son, snow on the tops of lofty mountains coi 
nes in a melting state through the summer, 
melting so slowly, that the whole season is in 
ficicfntfor its complete liquefaction. 

Charles, Instead of the ice absorbing the 
loric, may it not be dispersed ? 

Tutor. Take a piece in your hand :-— whi 
the consequence ? 

Charles, It makes my hand very cold. 

Tutor, That is, it absorbs, or draws the c 
ric very rapidly from you. I hare suspen 
on the beam, a lump of ice by a string, b 
your hand just under it. 

Charles, A stream of cold air seems to des< 
/raat tbeice, 
Tutor^ The mr in contact witYi ttv^ \c^ la 
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ivetl parti J of ito caloric, and, on that account, 
becomes heavier than the warmer air in the 
dm, and falls downwards. Its place is imine^ 
Itelj supplied hy other portions of warmer air, 
!)ich, in their turn, lose their caloric and de- 
ead. Thus, there is a constant flow of warm 
r to the sides of the ice, and a descent of the 
me in a cold state, from the lower part of the 
388 ; during which operation the ice must ne- 
ssarily receive a great quantity of caloric. 
James. If I understand you, the only effect 
"odaced hy this caloric is to change the ice in- 
water, without making it sensihly warmer than 
e ice was before. 

Tutor. Right : the caloric changes the ice at 

° to water at 32*^ ; it must itself, therefore, 

absorbed or concealed within the water. To 

w more effectually the absorption of caloric 

he ice, Dr. Black suspended equal quantities 

:e and water, at the same temperature, in 

vessels of the same size and shape, in a 

«, the heat of the air of which was 47**. At 

nd of half an hour, the temperature of the 

' had risen 7 degrees ; but, in ten hours and 

, some of the ice was lefl in the middle of 

her glass undissolved ; but the water near 

les of the glass had also gained C degrees of 

les. That is, in one cane, the 7 desrces 
ned in half an hour, and in the oUv^y^vj> 
in 21 half hours. 
Yes^ and the doctor •aCvA?.^ W^"^ "^"^ 

7 
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whole quantity of caloric received by i 
j^iass, must have been 21 + 7**= 147** ; ? 
no part of this caloric appeared in the ice 
except 3 degrees, the remaining 139 ha 
absorbed by the ice in melting, and we: 
cealed in the water into which it was cl 
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CONVERSATION XI. 



Of the Action of Heat on Bodies, 

"CHARLES. Is the caloric, of which we con- 
sed yesterday, separated from the liquids 
en they return to a solid state ? 
^lUor. Yes, as the following experiment will 
ire : if a pound of water, at 32^, he quickly 
)d with an equal quantity of ice, at 4^, ahout 
fifth part of the water will he frozen, and 
temperature of the mixture will he 32^, 
the ice is raised from 4° to 32^ ; there- 
hy the congelation of one fifth of a pound 
ter, a quantity of caloric is given out from 
ater, sufficient to raise a pound of ice 28^-. 
les. Do bodies, hy passing from the fluid 
3 the aeriform, absorb heat ? 
r. They do ; which is again given out 
hey recover their liquid state, as the fol- 
experiments will prove : — 
riment 1 . If a vessel of water be placed 
fire, it will, in a few iiuiiw\feft,\^^0^^^ 
wint; but it will take «k. cow^A^'i^Si^J^^ 



time before fdl the water is reduced to a^fiMMlf 
^ Tapour. ,7i./5'!- 

Ex. 2* A vessel, containing a few ^pf^aifMt 
water, was exposed to sach a heat as mMM 
boil in four minutes, but it took twenty ,iiaiMi|M» 
wholly to go off in the shape of steam MJdf^ 
pour. The heat was equally great dalinji^lhp 
whole time ; consequentily, four timet 9B-liifiti^ 
caloric was necessary to bring the waterittlpa 
state of vapour, as was required ta mak^ J^.biAf 
But this extra quantity of caloric was mifttr 
sensible in the water, the vessel, or the f^^pw; 
it was undoubtedly absorbed in thesteattiji, * 
, Charl&. You mentioned the ^* baUfng fiim/^ 
is the heat of boihng water always the aanalS. 

Tutor. No : it is liable to some v«riafti!bii)^<M 
account of the state of the atmosphere. IVliai 
the barometer stands at 30.4, water, when it 
boils, will be found hotter than it is to-day, wheait 
stands only at 28.8. 

James. What is the reason of this ? 

Tutor. It depends on the pressure of the at- 
mosphere : hot water, much below the boiliig 
heat, will boil in vacuo, as you saw in the ei- 
periment on the air-pump ; as the pressure is ia- 
creased, it requires a greater degree of best 
before it boils. 

Charles. Then the heat of the water will be 
greater under a greater pressure. 

Tutor. Yes : but the moment the extra <pres- 
sore is taken away, the extra heat will fly off 

*a/wan Water, in Papin'sDi^eaWr^uMKjVA 
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ot enou^ to melt lead ; but the instant the 
^moved^ it sinks down to the heat of boiling 
and all the caloric above this goes off in 
• 

ottle closely corked, was raised several 
3 above the boiling point, but the instant 
opened, a small portion of it went off in 
, and the rest sunk to the boiling point. 
is. From these experiments, it is clear 
dies, by passing from the fluid state to the 
m, absorb heat. 

r. Water, or wine, or other liquids, in 
nates are put into porous vessels ; then 
id in wet cloths, and exposed to the sun, 
urrent of warm air, for the purpose of 

them. 

les. How is that accounted for ? 

r. The water in the cloths evaporating, 

ing into vapour, absorbs the heat from the 

and whatever it may contain. For the 

iason, the mercury of a thermometer, ta- 

; of water, and hung in the air, always de- 

the evaporation of the moisture carries 
le caloric. The same thing happens to 
lometer, placed under the receiver of an 
ip ; in this case, the caloric is carried off 
expansion of common air into that which 
: rare. 

^s, I have seen the wet linen hanging on 
es in the garden, frozen at a time whew 
rcury in the thermometer was mxxcVi ^qm^ 
'ziog point 

7* 
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time before all the water is reduced to a state of 
Tapour. 

Ex. 2. A vessel, containing a few ounces of 
water, was exposed to such a heat as made it 
boil in four minutes, but it took twenty minutes, 
wholly to go off in the shape of steam and va- 
pour. The heat was equally great during the 
whole time ; consequently, four times as much 
caloric was necessary to bring the water into a 
state of vapour, as was required to make it boil : 
But this extra quantity of caloric was neither 
sensible in the water, the vessel, or the vapour ; 
it was undoubtedly absorbed in the steam. 

Charles. You mentioned the *^ boiling paint :^^ 
is the heat of boiling water always the same ? 

Tutor, No : it is liable to some variation, on 
account of the state of the atmosphere. When 
the barometer stands at 30.4, water, when it 
boils, will be found hotter than it is to-day, when it 
stands only at 28.8. 

James, What is the reason of this ? 

Tutor, It depends on the pressure of the at- 
mosphere : hot water, much below the boiUDg 
heat, will boil in vacuo, as you saw in the ex- 
periment on the air-pump ; as the pressure is in- 
creased, it requires a greater degree of heat 
before it boils. 

Charles, Then the heat of the water will be 
greater under a greater pressure. 

Tutor, Yes : but the moment the extra pres- 

^t/re Js taken aivay, the extra heat will fly off 

in vapour. Water, in Papin's Di^esVeT^m^^ V 
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kot enough to melt lead ; bat the instant the 
? removed, it sinks Jown to the heat ofboiliag 
er, and all the calorirt above this goes off in 
onr. 

i bottle closely corked, was raised scvera] 
reea above the boiling point, but the inatanfa 
'as opened, a small purtioa of it went off in 
our, and the rest sunk to the boiling point, 
nines. From these eKperiraenls, it is clear 

bodies, by passing from the fluid state to the 
iform, absorb heat. 

"u(or. Water, or wine, or other liquids, in 
climates are put into porous vessels ; then 
pped in wet cloths, and exposed lo the son, 
R current of warm air, for the purpose of 
linw tJiem, 

Jiarlei. How is that accounted for ? 
\for. The water in the cloths evaporatin|;, 
lassing into i-apour, absorbs the heat from the 
le and whatever it may contain. For the 
e reason, the mercury of a thermometer, ta- 

onl of water, and bun? in the ajr, alwaj's de- 
idB, the evaporation of the moisture carriea 
y the caloric. The same thing; happens to 
erroometer. placed under the receiver of an 
pump ; in this case, the caloric is carried off 
iie expansion of common air into that which 

ames. I have seen the wet linen hanging on 
lines in the e^nlen, frozen at a time when 
mercury in the Ihermometervjoft TOac?tt^w* 
freezing point. 
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IWor.^bou^ the temperature df ~^ Bir 
wu not M lou as the Ireezing point, yet if yon 
had tried the liuen itself, you would have fouii)) 
that thia was cooled to 3S", whicli nag occasion- 
ed b; a briak air cyusing the water in the Itnea 
to eriqmrate, and carry off the caloric with it, 

Tifig will nccoHnt for the cold produced by 
perspiration, without which workmen employed 
m glaH-bOases Hnd iron-ibunderies could doI 
«uat ; the heat of thoBp places is much higher 
than that of the human body, but the extra calo- 
ric ia fcarled off by perspiration or evaporation. 

Ckarlet. Is that the reason why meilicioeB are 
usedinfeven to create or promote perapiratioQ ? 

Tutor. Yes, these are prescribed as ooe of the 
means to carry olT the extra caloric, and to bring 
the body to its usual temperature. 

Jamet. Ii the steam of boiling water of the 
aame temperature with the water from which it 
proceeds ? 

TtttoT. Yea, it ia : if a thermometer be admit- 
ted through the lid of a vessel in which wafer ii 
boiling, but so as not to touch the water, the 
mercury will rise to ZIS™, which is precisely Ibe 
temperature of the water beneath. The water 
is, however, receiving continually new accei- 
aions of heat, which of course exists in the atean 
'n a Htate of chemical union. Experiments have 
been made on this subject, which show that a 
pound of water in a state of steam, contains more 
CBlotic than a ponud of boiling water, in the pr»- 
f*'^tioR of fall 4^ to I. 
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iarlet. 1 believe the pr'iDoiple of absorption 
iPcaloric. daring the liquefaction of bodies, has 
lie en applied to produce colli. 

Tatar. Y'es : a solution of equal parts of mu- 
riate of ammonia (sal-timmoniac) anil nitrate of 
potass (nitre) make a ver^ convenient misturC, 
that will freeze wuter and cream in the height of 



. Are i' 



!s, that c 



e to tabic, made i 



Tutor. Yes r the cream or other fluids are put 
in tin nr copper moulds, and placed in some of 
the cooling mixtures till the^ become solid. [See 
the next page.] 

Charles. Is this cold produced by the conver- 
sion of the solid salts into Quids ? 

Tntor. Yes : as the liquefaction of ice absorbs 
lieat from surrounding bodies, so does the lique- 
faction of salts in this and other instances. 

Jamci. Are there other compositions besides 
that mentioned which produce similar effects '! 

Tutor. Yes : by mixing, very quickly, four 
parts of muriate of ammonia reduced to powder, 
with three parts of light, dry, and fresh snow. 
the mercury will fall 70° or 80° below the freez- 
ing point. I will insert a table of some mixtures, 
which may be used in freezing any fluids. 
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TABLE 
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FREEZING MIXTURES. 



Mixtures. 



Muriate of ammonia 5 parts 

Nitrate of potass 5 

Water 16 



Sulphate of soda 8 parts 

Muriatic acid 5 



Snow or pounded ice 2 parts 
Muriate of soda 1 



Snow or pounded ice 1 pftrt 

Muriate of soda 5 

Mur. of ammonia & 
Nitrate of potass 6 



Snow or pounded ice 12 parts 

/Muriate of soda 5 
y/tmte of ammonia .... 6 



Tkermometer sinks. 



From SO*' to 10«». 



From 50O to O^. 



From 0^ to — 5^. 



From--6<»to— J8«=>. 



From — 18<» to — 25o. 



«enOK or SEAT ITFON BODIES. 

Charles. Do jou first cool the mercury fr 
60" to 0°, and then, when it stands at 0°, i 
the thermometer in the next mixture to bring H 
to- 5, und then to - 18, and last from - 
to * 25 ? 

Tutor. That is the method made use of to get ' 
the greatest degree of cold. Equal parts of mu- 
riate of lime and fresh fallen snow has produced 
(he greatest degree of cold known, viz.— 73. 

James, It was, I suppose, cooled down first? 

Tiilor. A spirit thermometer was used, whid 
tras cooled down to - 40, before the main ex<- 
periment was made. By means of ISIbs. of mii« 
riate of lime, and an equal weight of snow, 5Glbaa 
of mercury was reduced from a liquid to a sol' 
Itate, by Messrs. Pepya and AUea. 

C3iarlei. A good deal of precaution in mixi 
the materials is, I suppose, necessary ? 

Tutor. On a small scale 2 or 3lbs. of the raw 
riate of lime ia sufficient for the purpose. ThQ 
mercury should be put into a very thin gl 
retort, which is to be immersed in b mixture 
ttte muriate, and snow ; und when this has proi 
duced the greatest cold, another mixture is it 
be prepared. The second, or at most the third 
mixture, will scarcely ever fail to congeal tb( 
mercury. 

In all attempts to produce cold, the salts must 
1)6 reduced to powder ; the vessel in which the 
nisture is made should be very thin, and Q%^^ 
large enoui^Ii to contain it ; and ttie en^^TOns^ 
■vusf be made as quickly as poasMe, \siiuS 
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care to stir the mixture with a glas^ or 
rod during the operation. The subject 
B0STION we shall discuss hereafler. 
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CONVERSATION XII. 



Of the Apparatus used in Chemistry, 

TOR, I will now explain the nature and 
rties of some of the apparatus, which we 
oake use of in our experiments on this sub- 
This vessel f Plate 1, Fig. 1) is a retort ; 
ised for distilling a small quantity of any 
nee. 

les. What is it made of ? 
or. This is made of baked clay, hxxi glass 
3 are very useful in Chemistry : they are 
)metimes made of iron. Fig. 2 is called a 
ited retort ; from the circumstance of it^ 
made with the small neck or tube a*, 
rh which the materials may be introduced 
the experiment is going on, as in Fig. 3. 
ubstance to be distilled is put in at a ; and, 
istils, it passes over to the receiver b, wHich 
d to the retort at h, 

rles. Distillation cannot, I suppose, he per- 
d without heat : how is that applied to '^ 
-etort ? 
7r. The best means U \)y ^^ K\%^\i^^ 



.M 

lamp, or aaj other of '•.■iiwlBt,.i 
F^. 4 ii the reprMentiiitiMt,o£iirintM-4 
pneimutic apparatu, BadiB«iifB«B'MU9M,, 
Lectnrea at the Royal InBtitiition. a x.'m aHJ., 
tin veseel neailj japanned, bbviIt (jUed with w 
ter ; * is a HheU, h placed ai to M abtfat mllBh 
under the water, having leTeral haftf -Iwi 
through it b is a glaw receiver, which ^V^ 
filled with water, and then placed oa tbemK 
withjtfl open part downwaHi ; th* -intttj^Jiw 
know, will not run out. < , - • ■■ 

Jatnet. Certainly: the prenare'of the ■!■ 
moaphere on the water, in the veM^'.AK, ifS 
suatain the water in the jar, provided it be eit 
elevated above its suF&ce.* 

Tutor. Id the retort c is some water ; wU* 
in its present poiition, 1 light the lamp i. Wh< 
will be the result ? 

Charles. The water will boil, and be convert- 
ed into steam, which must pass along c c. 

Tutor. Tbe end of c c is brought under* 
hole in the shelf over which the jar a standi. 

James. Then steam being so much li^f 
thru] Witter, it will ascend through it to tbe HF 
of B, and force ont a part of the water that is ■■ 
the jar. 

Tutor. 1 withdraw the lamp, and you see n* 
part a B of the jar is filled with steam. 

Charles. But, as the apparatus cools, tben- 
ter in the jar ascends again. 

* Sclentilc Dialogues, vo\.ta. 
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It does : and the jar will, in a ihorl 
as full as it was before. I will take away 
rt c f , and put in its piRce b. Fig. 2, 
Hitaiu^ a tew ounces of blnck oiijde of 
ge, and some sulphuric acid, diluted with 
The heat from the lamp will drive off 
nn fluid, which chemists call ox^^n 
IS, }ou see, displaced all the water of 

Win thut be absorbed again, as the 

i. No : beiDg what is denominated a per- 
etaslic lluid, it will remain as it is, and 
my be slided carefully off from the shelf 
ate, or otiier vessel, containing water 
t cover its edge : aod in this stnte it may 
red to any other place, and may be pre- 
r future experiments. 
M. Are the wires x, y, z, moveable 1 

i, they are : and, by means of the 
i V, V, V, they may be fastened to any part, 
are of different sizes, to sustain smaller and 
retorts ; if x is wanted, then y and z can 
led round out of the way, so that it may 
ught to any distance from the lamp. 
e». You said the oxygen gas might be re- 
fer experiments : how do you transfer it 
he jar to any other vessel ? 
IT. Suppose 1 wish to fill a common glass 
, or tumbler, with the gas in the jar : I tvTa^ 
/iththe water in the trouf^h iw, wtvi ^*s.«. 
le ehelf; thea bring the mou^ii o^ ^"svt li*''^ 
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vaoAtSf Om boUi of &« AMf i umH^^f^^VMBiV 
the top of B, the noalkjitiiiittj^m^^ 
viitedf- *iid the m escape and 'itee «p-'^ttM|ii|^ 
die bole oyer mdch thegoUft ^ ofhta gpNviM#9 
ael WM pliu:ed,aiidtwmfill1ta^/diip£^ 
-water. -t?'- '»", 

Okariet . Are jw not liable to faM aettienrfiii 
gaf bjrthis operation ? ~ ''** 

Iwbr; When once yon have acq[^tM allUlr 
dexterity in managing the hnstinefiBy there 'it Kt> 
tie risk to' be apprehended ; and thett,.'indaedi 
yon win have ho need to take the ^rieioeiilioll df 
placing tile vessel, to be filled with gas; jsA 4^ 
shelf; but, by holding both that iamd kiPB j»mh 
der waler» the gas is readily tranderrM^RDlB 
one vessel to another. /v 

James. How would yoa get it into a nacirow 
mouth vessel, as a common phial ? 

Tutor, In that case, a glass funnel, as a, Fig. 5, 
is useful ; the phial must be filled with wat^, 
and holding its mouth downwards, still nndsr 
water, introduce the funnel, and then transfer 
the gas from the jar, through the funnel into the 
phial. 

Charles. Then it may be corked and carried 
any where, I suppose ? 

Tutor. True. Dr. Ingenhouz, who discover- 
ed the method of burning iron wire in oxygen 
gas, used always to carry about with him a phial 
filled with gas, to amuse his iViends with the eX" 
perJment 
yames. /should like to see \iow \!Ki^\.*v&^<(ni^* 
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TSUor. I take a piec$ of rery fine iron wire, 
twisted into a spiral form, as a c, Fig. 6 ; one of 
its extremities, a, is fixed into a cork, adapted to 
the phial, and to the other extremity is put a 
imall piece of tinder ; a morsel of phosphorus 
would be better ; then I light the tinder, and 
introduce it into the phial already filled with ox- 
ygen gas. You will see the iron burns with 
more brilliancy than you ever saw any other 
body, however combustible, in conunon air. 

Qiarles. The sparks that fly off resemble those 
that fly from a cat and wheel, as we call it, in 
fire work^j 

Tutor, They do ; and you will find them in 
the shape of little globules of iron at the bottom 
of the phial. 

Jam€$, is not its nature changed ? 

Tutor, Yes : it is now an oxyde of iron ; that 
is, iron combined with oxygen. 

Charles. This is a beautiful experiment : I 
should not have supposed that iron would bum. 

Tutor, There are few of the metals that may 
not, by means of Chemistry, be made to burn. 
Thus, in our experiments on Galvanism, we saw 
gold and silver leaf burn with as much brilliancy 
ai the iron in this.* 

James, What is the tube o for, in Fig. 4 ? 

Tutor, It is intended to receive gases that are 
to be exploded by means of Galvanism, or the 
?lectric spark. It is a strong glass tube^ closed 

* Srientific Dialo^es, voV. n\* 



ik1teiMW«Hl^«Mlknnag* scale markedly 
•■it. S«MrllM«iMMl«Bdu« two wires, o,]i, 
vUek ifeMk kMck. Thej are cemented inl» 
Hm ^tat, a mAmwmimiei that do air cane^- 
Wf» ttiligjh H» tafcfc Tbe tube is first filM 
«Wh vitert lad An* At ^aes are to be iatro- 
t M|^ The space betweea 
I is to be Kude a pert of tbfr 
. W fcifc-uag chains connectei 
«kk»L(>;4MpkMli»«r I r. ;> Uie hooks* 
wAf: dw ■ lyifc ««■ 1 " : -I the space 
hatm«» A* v«n«> wi< v LZiises. lo- 

ib«BMl»«fllwkMKt' .. ...i t'Ni'ljJingtubes. 

Obariw. WkMt •■• ttw ^-^i^es that will inflams 
ifitmmm&mAt 

TVMr. Tit^ an Ik* v^gta and hydrogen 
gases, atixed in mtaui pr^ortiooa, as we shall 
show wbeD we cone to tn*t of the compositioa 
of water, 

/own. b it aec«MU7 to bare Qie pDComatie 
^tparatm Bade of tia. or iron i 

Tmtor. Na : a ceVBoa snail washing-tub, 
with a shelf |daced in it, will wswer the same 
end ; it shoold be IS or 14 inches deep, in or> 
der to fin the glsas receivers CMtveoienttj. 
There are some gases which are abeorfoed ij 
water ; in experiments with these, mercnij 
most be used instead of water. 

Charlt*. Do jon fill the trough with quick- 
[ ailverl 

Th/ar. The expense of mercary ia too great 
*» iff ated io tbia atanjiKT : a 9n»a«E toi»|^» 
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.aceordingly used, such as in Fig. 7, Plate ii, 
Hus is uauidly made of wood, or stone ; the cavi- 
ty B, and gro6ve, are filled with the fluid metal, 
and so also is the receiving vessel ; Fig. 8 is a 
section of this trough, supposed to be cut through 
the middle, and from this we learn the method 
of placing the glass Receiver x and the retort b. 

James, The experiments that require a mer* 
cnrial apparatus, seem to be done on a smaller 
scale. 

Tutor. They are, to avoid the great ex- 
pense of the metal, a, Fig. 9, is called a ma- 
trass, which may be placed in a sand-bath ; b is 
an alembic, fitted to the head of the matrass. 
The heated liquid, that flies off" in vapour, is 
condensed in b, and falls into a groove round its 
inside, and runs from it, by the tube c, into the 
receiver d. 

Charles. What do you mean by a sand-bath ? 

Tutor, It is a vessel containing a quantity of 
sand, and so placed over a charcoal fire, or fur- 
nace, as to be capable of being raised to any de- 
gree of heat. The sand will communicate a 
more equal and regular heat to glass or earthen 
Tessels, than can be obtained when exposed to 
the fire itself. 

James. What does Fig. 10 represent? 

Tutor. A phial, with a bent tube fitted into it : 
which, by the bend at x, will hang on the side of 
Any tub, or other vessel, as Fig. 4, and the bead- 
ed part, z, wiU come under one oi \\xe V^^'^x^ 

e shelf. Or the jar b, in Fig. 4 , ma^ >oe.>o\^w^ 

ft* 
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into rach a position to the odge of Uie thel^ flHt 
the part z maj be introduc^ WMier it TUi 
will sapersede the necessity of haTii^'tbe shdf 
pierced with holes. 
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CONVERSATION XIII. 



Of Oxygen — Oxygen Gas, 

lARLES. You have mentioaed oxygen gai^^ 
what is oxygen itself? 
Uor, It is one of the most important agents 
ature ; there is scarcely a single process, 
ir natural or artificial, in which oxygen has 
I share ; but it is known only in combination 
other bodies. It is absorbed by some com- 
ble bodies, and converts them into acids, 
hur, for instance, burnt in oxygen gas, forms 
liuric acid ; phosphorus, by the same pro- 
, yields phosphoric acid ; and charcoal will 
I what is denominated carbonic acid .gas^ so 
td from possessing real acid properties, 
gh in a state of gas. 

imesn By what means are these operations 
brmed ? 

utor. Let the receiver a ?i (Fig. 12) be fill- 
irith oxygen gas ; and upon the small stand f 
piece of phosphorus ; if this be \TAaxsi^^>\s^ 
US of a hot iron wire introduced Vtewx^^^ 
t;rjr, or bj a burning glaaci^ o, vl esXx^v\& ^ 
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briniaiit a combustion fts can be inia|^Q4rirf Hi 
gas disappears, and a concrete substance if iMi 
on the inner surface of the glass recerver»lilift 
is phosphoric acid. * - .;* 

Charles. Does the phosphorus unite wilMK 
Oim;en of the gas ? '• ■'•; 

Tutor. It does, and the caloric esc^ipee^- ilf 
oxygen gas is composed of oxygen and caMfib 
and, being decomposed, the former onitM vif 
the phosphorus, and the latter esca|>ea^ 

Oxygen is necessary for combustion ; it vbfa 
itself always in bodies that bum, intraum^ tMi 
weight and changing their propertied. 

James. Does the phosphoric acid wetthllliik 
than the phosphorus did pi^yiously to tiui Mp 
bustion? V 

Tutor. It does, and the rule holds universal^ 
When oxygen combines with metallic substari 
ces, the results are oxydes, which hare ki 
their metallic properties, but which are ahraj 
heavier than the metals were from which tile 
are formed. The combination of oxygen wit 
any body, is called oxygenation. 

Charles. As you cannot get the oxygen b 
itself, are there any other means of procuria 
oxygen gas than from the manganese, as yo* 
showed us yesterday ? 

Tutor. It may be obtained from many substaii 

ces. If I put pure oxygenated muriate of potn 

into the retort, as in Fig. 4, and apply the hai 

of the lamp, the salt will melt, and the ^ be «l 

1 ia abuDdafkC0, and coUected Vn ^t *^' 
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I[ may be had also from the red oxyde of mercil 
ry and from red lead, in the same manner ; an 
from nitrate of potass ; (common nitre ;) but fr(H] 
all these it is obtained by a considerable degree 
of heat. 

James. Did Dr. Ingenhouz, who, you say, WH 
io the habit of frequently exhibiting the experi- 
ment of the burning of iron, obtain the gas by 
any of these means ? 

Talor, It was summer time when I s 
and he was able to get as much a§ he pleased, 
without any of the apparatus which I have de- 
acribed. Oxygen gas of great purity, may be 
obtained from the green leaves of plants. Fill 
« large bell glasi, such as a. Fig, IS, with wa- 
ter, and introduce under it some fresh cabbage 
leaves ■,(a) and let the glass so tilled, and invert^ 
ed also in water, be exposed to the rays of thtf 
sun ; ga** will escape, and ascend to the top <H 
(he receiver, from whence it may be transferror 
"■"• iny other vessel. 
^Charles. Is it necessaiy to have the direct 
■■ithe sun ; will not light do ? 
~ Tiitor. Though light is a great chemical agent*: 
yet it will not of itself answer any good purposft 
in this case. The apparatus must be e!ipose4 
Io the direct rays of the sun ; and, in proportios 
/" the brilliancy of the day, and the vig:onr ol 
ii^ plant, you will obtain a greater quantity 
i^^ , In very bright days, about the middle 

^***imer, a considerable portion oE oT.-3^<eB. 

■BO'^ obtained by this method. 
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James. Can you show us any other i 
ment like the combustion of the iron wire 

Tutor, A very fine watch spring niay b< 
in the same manner ; and, if it be first w( 
and likewise the gas, which is used in the 
4ion, it will be found that the result, or the 
of iron, will weigh nearly as much as the 
and the gas together. 

Here are some very fine turnings of 2 
tiie form of a ball ; this 1 will hang to a p 
wirej and insert a morsel of phosphoru 
irhich, being lighted, I introduce into a 
^ixygen^s. 

Oiarles. The ball burns with abeautif 
flame, surrounded hy a whitish one. 

I\Uor. The zinc unites to the oxygen 
gas, while the caloric and light escape ; i 
result is an oxyde of zinc. 

This bladder is filled with oxygen gas ; 
a stop cock, to prevent its escape. On a 
piece of ignited charcoal I have throwi 
iron filings, which, in the common air, 
no particular appearance. But, when I pi 
into oxygen gas, or cause a current of i 
to pass over them from the bladder, th 
burn with great brilliancy. The filingn 
copper, or antimony, would have answi 
well. 

James, Candles would, I suppose, bui 
a great degree of brightness in this I 

^^ftor. Yow shall see *. Viere V«> wi 
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ir filled with it ; if I let this lighted taper, which 
liaye fixed on a wire for convenience, with 
le wick bent upwards, down into the jar, you 
ill see with what splendour it bums. If 1 blow 
i out, and immerse it again, while the snuff is 
ed hot, it instantly takes fire. If a piece of the 
ark of charcoal be fastened to the wire and 
^ted, and then immersed in the gas, it will 
Ifow out extremely brilliant sparks. All com- 
Qstible bodies whatever burn in oxygen gas 
ith increased splendour. 
0ip>rles. If 1 understand the subject discussed 
hday and yesterday, oxygen gas is composed of 
certain something, never yet seen by itself, 
illed oxygen and caloric. 
TtUor. It is : and the name oxygen^ a Greek 
>rd, denoting the cause of acidity, is given to 
because it is considered as that cause. 
fames. Yes : 1 remember sulphur and pho^- 
irns united to oxygen gave acids as results. 
\tar. And, according to the quantity of 
|;en absorbed, the acids are stronger or 

'cer* 

ie other properties of oxygen gas are, that 

lot absorbed by water : it is rather heavier 

:oqmion air ; and, during every combustion- 

rgen gas, the gas suffers a considerable di- 

on. 

bodies, by combustion in oxygen gas, ac- 
n addition to their weight 
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CONVERSATION XIV. 



Of Oxygen y and its Compounds, 

CHARLES. Are there difierent degr< 
oxygenation ? 

Tutor. Yes ; chemists reckon four su( 
grees : — the first degree forms oxydes ; i\ 
cond forms weak acids ; the third, strong 
and those of the fourth degree are call< 
peroxygenated acids. There are likewi$ 
ferent kinds of oxydes, which assume dij 
colours, according to the quantity of oxyg< 
bibed. This I wish you carefully to reme 

James. How are these changes express 

Tutor. I will give you a short table, \ 
though confined to a few instances, will pi 
in possession of the whole theory for all. 
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TABLE 

^F DIFFERENT DEGREES OF 

OXYGENATION. 

Caloric, forms oxygen gas. 

iydrogen, water. 

Carbon, carbonic acid gas. 

Degreet of 
Oxygenation. 

C 1. forms oxyde of sulphur. 
ulphuTi / 2. sulphurous acid. 

i 3. fiulphuric acid. 

I 1. black oxyde ) 

lercury, < 2. yellow oxyde > of Mercury.(fl) 

( 3 ■ red oxyde ) 

arks. What is the oxyde of sulphur ? 

for. If sulphur be kept melted, in an open 

1, it becomes sofl like veax, by means of die 

3n, which it imbibes from the air during 

1 ; it is, therefore, a compound of sulphur 

small portion oi oxygen, and is called the 

» of sulphur. 

Ties, Is sulphurot^s acid formed by the 

1 of a large portion of oxygen with the sul- 
? 

• 

tor. It is : and sulphuric acid is that which 
I strongest, or that in which there is the 
9t portion of oxygen combined. 
arles. Do the terminations ous and tc de- 
always the smaller and gredVeY ^e^^y^^"^ w 
mation ? 
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Tutor. They do, whenever they are i]ie&; 
tbiu>weBay, 

Oxyde of phosphonu, 
PhoephoroiM acid, 
Phosphortc acid. 
The oxyde is phosphorus changed a little bj 
exposure to the air» at a low temperature. 

Jame$. Are not the terminations out and & 
applicable in all cases ? 

Tutor. No: for all substances do not admit 
of similar degrees of oxygenation; thus, we 
bave, 

Oxyde of carbon (charcoal) 

and 
Carbonic acid ; 
but no carbonoiM acid. 

James. Does carbon then admit of two degrees 
of oxygenation only ? 

Tutor. It does. Again, we have 
Muriatic acid, 
Oxymuriatic acid, 

and 
Hyperoxjmuriatic acid. 
Tn this case, we have no degree so low as afi 
oxyde, nor any which can be denominated muri- 
atoti9. In some instances, only one degree of 
oxygenation is admitted, as in the fluoric acid and 
boracic acid. 
L Carles. Does the same principle hold with 
I- £Bgard to the metals ? 

^ Ttaor, Yea : the black, the yellow, and the 
n^^ '-'^trJes, denote the d'^erent ^e^T^e& rf 



QxjgenatioD ; the black being the lenst, and t1 
red the greatest, 

IJaiMi. Are Ihe colours the same in tba 
flxydes of all metals ? 
Tutor. No ; in lead we have the gray, th6 
yellow, and the red. In bismuth there are but. 
two, namely, the gray and white oxydea : 
ball and nickel only one \ but arsenic admits of > 
three degrees of oxygenation, viz. 

1. Gray OKyde of arsenic", 

2. White oxyde of arsenic, 

3. Arsenic acid. 
Thus you understand that oxygen is capable c 
combining with a great many substances, pre 
cisely as salt, or sugar, will combine with wb 
fer: its properties are, (1.) that it is absolutev 
necessary to combustion, and to the existence 6 
animal life, without which, neither the one nor 
the other can exist a single moment. 

James. If so essential, where is the great K* 
aervoir to supply all that is wanted 'I 

Tutor. The air which we breathe contains, id' 
every 100 parts, about 22 of oxygen gs, \iy- 
means of which combustion and animal hTe arc^ 
-4iaintained ; if a mouse, for instance, be confine 
*^d under a receiver filled with common air, it; 
"^^ill live only till it has absorbed all the oxyg^ 
^TOm it; a candle also will bnrn till the oxygea^ 
*« exhausted, but no longer. 

^harlot. Is there no fear of exhaaiJMit '&% 
to^vapberc ilsell'in process of litcwj 1 
^Tuior. T/jji* /night be the caae, 'v^ft«^«> "^^^ 
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no natural means adajpted to create M^iTiMp- 
plies of it ; but these seem peHectly a^e«MMi.to 
all ouF wants. As the cabbase-plants ini4r]^liie 
glass receiyer gave out Oxygen gas wnen evpjvd 
to the snn's rays, so we may be sare tlMM|be 
is, in every bright day, a perpetual distOiiM^ 
oxygen gas, from, or by means of the Vegetilik 
creation* . ' 

Charles. Does this process, wluch is' eb kit- 
portant in itself, only go on in the lig|kt <^ tibe 
sun ? 

Tutor. Thongh the organs of all TefetaUes 
pour forth streams of oxygen gas daring &• jpite* 
sence of the sun's irays, yet it is asc^tainad, 
beyond all doubt, ^at at m^t they tad%'%im 
of a contrary and rery noxious qoiuii^.* mt 
to proceed : water is a compound substaiice, m 
we shall hereafter show, of oxygen and hy^bro- 
gen ; every decomposition of that fliiid, of which 
there may be numerous instances that we know 
nothing of, must afford new supplies of oxygen. 

* The effect of light on vegetation is well known to eve- 
IT practical gardener. Many flowers follow the course of 
the sun; and plants that grow in houses, or other confined 
situations, press towards the light ; whereas, plants that 
grow in the shade, or are suffered to remain in darkness, 
afe pale, and almost colourless. To blanch theur lett&ces, 
vabSaees, inc, gardeners tie up the leaves, to guard them 
from tne light. The greater the light to which plants are 
exposed, the brighter Uie colour which thev acquire. Ve- 
getablei are not only indebted to the sun s rays for their 
VIJioia> but for their taste and odour also : hence, the hot 
eJhnats^ 9fe the native countries oi v^fim^^^VA^Y fla- 
r and aromatic resins . 
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James. In appearance, this gas does not seem 
at all different from common air. 

Tutor, True ; and this hrings us to its other 
properties ; (2.) it is colourless and invisible, 
elastic, and capable of great degrees of expan- 
sion and compression. 

Charles. You said it was heavier than atmos- 
pheric air ? 

Tutor. It is, in the proportion of 34 or 35 to 
31 ; that is, when a hundred cubic iiicnes of 
common air weigh 31 grains, the same quantity 
of oxygen gas will weigh 34 or 36 grains. 

.ypu wiU remember, also, that oxygen gas is 
peculiarly characterized by these two proper- 
ties : — ^First, that of supporting animal hfe by 
respiration ; and, secondly, that of supporting 
combustion. 

. The nature of combustion will be considered 
in a few days. 




CONVERSATION XV. 



Of^Azote, or Jfitrtgtn. 

TUTOR. The next aubstanoe I mab j 
>e acqunintcd with ia azote, or, as it ia eiHi 



chemidto, nitn^n ; hecouM thn^ 
oxygen, enters into the compoaition of tl 
mospheric air. 

James. Is nitrogen a Himple or elemei 
suiistance ? 

Tutor. It has loi^ been auapected to I 
compound ; and, as the result of numeroni 
pericients, it is supposed to be compoandi 
osygen and an unknown base ; in the propo 
of about 65 of oxygen to 43 oflfase. 

Charles. Is nitrogen, like oxygen, U 
known only in combination with other 
Stances ? 

Tutor. Just so : combined with caloric, 
-azotic or nitrogen gas ; it is found in combia 
With all animal and vegetable bodies, (a) ini 
aciW. and Jn aauaonia. It is incK^iSalK i^ 
'^animal life^ or comboation. 
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James. Would an Rnitnal die in azotin gns ii 
ned lately ? 

Tutor. Yes, a moiiRe, or a bird, tbnt would \ 
ive for hours in a vessel of oxygen gas, and some \ 
ime even in a vessel of common nir, will <lie 
he moment it is plunged into iizolic gas. 
ighted taper will, as you shall see, in simil 
circumstances, be instantly extingnished. B 
1 mixture of this and oxygen gas produces r 

Charlet. In what proportions ? 

Tutor, About 78 parts of azotic gas, and 22 
]f oxygen gas, make tOO parts of atmosphei' 
lir; these numbers are near the truth, but not 
ibsolutely accurate, because, besides these gases, 
'lere are also in the atmosphere small portions 
Lf hydrogen gas and carbonic acid gas. 
Is azotic gas hcaricr tl 



iTulor. No, it is somewhat lighter; it is, 
^wever, elastic, and capable of condensation 
^ dilatation. 

'Jharlti. Can you imitate the common iiii', by 
kng together the oxygen and azotic gases '.' 

Most readily. You have seen with 
splendour a taper burnt in the former, 
low instantaneously it was extinguished in 
latter ; now I will mix in this jar, at present 
\{ water, three measures of azotic gas and 
jf oxygen gas, and the taper w*\\\ \iatv\ wi ■&, 
}oes in the air of the room, iiu4 a, v^^*'** 
reaf^e in it without any ris\i. 
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ovr is asotic gts prod«o«i| fi^ 

ficially? .;, 

Tutor. There are seTenl wajrs. i, 

^1 .) Under this j[>ell-|^as8 (such as a» Fi^L |S^) 
which is full of atmospheric air, and 'staBMBJ^ 
water, I introduce some snlpbnret of MJlMb 
which, in a fewda^, will absorb all tif ajqjj ^ 
and leave the azotic gas perfectly pore. 

Charles. Has the sulphnret or polass a sthmg 
attraction for oxygen ? 

TtUor. It has, and thns it separates it from 
the atmospheric air : daring the experiment, the 
sulphur, by combining with the oxygeor, is con- 
Terted into sulphuric acid, which unites to the 
potass, forming with it a sulphate of potass. 

(2.) Instead of the sulphuret of piotass, aftti 
weights of sulphur and iron filings, maile iinlo a 
paste, will answer the same purpose. The air 
in the bell-glass will gradually diminish, as the 
ascent of the water will prove, till only about 
three fourths remain, which is pure azotic gas. 

(3.) Any kind of muscular flesh, cut in small 
pieces, and put in a retort, with some diluted 
nitric acid, will, by the application of heat, pro- 
duce azotic gas, which may be preserved hy 
means of the pneumatic apparatus, Fig. 4. 

James. Why. do animsd substances yield this 

gas? 

t 7\Uor. It is found that they are composed of 

.-^ote, carbon, hydrogen, and oxygen, and, by 

'^^^ ''^ditioa Qfthe nitric acid, fti^ njLfAfcV&^V^ 

-iSee roL ii. 



marUi. Do these different subsUnces dec| 
p tfae air ia which they arc confined 'f 
iaor. They do, by absorbing the oxym 
Ijleaving the azotic gas pure, 
tu found, that the air bladders of the coK 
PEarp contain a/otic gas : if, therefore, thel 

rrs arc broken, under inverted g\as 
with water, the gas in ea^iily collected i] 
fjt quantities. 
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the base ef atmospherir 



l Hydrogen . 
I see there arc four different combi- 
iH of azote with oxygen, are these regulated 
e quantity of osygen absorbed ? 

They are ; in a certain proportion, 
r S2 parts oxygen gas to 76 of azotic gas, 
moBpheric air is formed ; when more 
^ enters into combination, we have nitrous 
; with a still greater proportion, we get 
iqJ, when more oxygen is absorb- 
Bhave the nitric acid, 
(best method of (liBtkng\ns\i\i\^ w/.o'ai:. ^ 
ler gases, which resemb\c A to ?,«tt«i 
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properties, is, that it produceB no,diai^ in the 
vegetable colours ; tuid'wheii agitated with Ksie 
water, it does not render it milkr. 

Charles. Has it been ascertained whedier ni- 
trogen is a compound ? ' 

Tutor. From some experiments b j Mr. Mien, 
it would follow, that jutrogen is composed of 
oxygen and hydrogen with less oxygen than 
exists in water. But their accoracy has been 
doubted. 

The experiments of Sir Humphrey Davy, on 
the presumption of nitrogen being aA oxyde, hare 
not been attended with success. Henpe, says 
Dr. Henry, the general tenor of these inq[aiiie9 
lends no strength to the opinion that nitrogte is 
a compound body. 
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CONVERSATION XVI. 



Of Hydrogen. 

UTOR* The nex tsubject is hydrogen^ which, 

have hinted before, is one of the constituent 

ciples of water ; and on that account it has 

ame. It possesses so great an affinity for ca- 

^, that it cannot be procured but in a state of 

bination ; and, united to caloric, it forms hy- 

;en gas. 

harles. Was not hydrogen gas formerly called 

mmable air ? 

'utor. It was ; and it is one of the most abun- 

principles in nature ; Tor, besides making 
it the one sixth or one seventh of all the water 

exists, it is one of the ingredients of bitu- 
s, oils, ardent spirits, ether, and, indeed, of 
be component parts of animal and vegetable 
es ; it is one of the bases of ammonia, as 
lave seen, (p. 141,) and of various compound 
s, as we shall see hereafter. 
%mes. What are the chief properties of hy- 
jen gas ? 
\i^or. It is, like the others, iuv'isWA^ «s^^ f?«^- 
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Eygenation ; the blnck being the least, and the 
;(1 the greatest. 

James. Are the colours the same in the 
:ydes of all metals ? 

Tutor. No : ii) lead we have the gray, the 
tilaw, and the red. In bismuth there are but 
ro, namely, the gray and while oxydes : in co- 
ilt and nickel only one ; but arsenic admits of 
ree degrees of oxygenation, viz. 

1. Gray oxyde of arsenic, 

2. White oxyde of arsenic, 

3. Arsenic acid. 

hu8 you understand that oxygen is capable of 
imbining with a great many substances, pre- 
sely as salt, or sugar, will combine with wa- 
r; its properties are, (I.) that it is absolutely 
^cessary to combustion, and to the existence of 
limal life, without which, neither the one nor 
le other can exist a single moment. 

James. If so essential, where is the great rs- 
:rToir to supply all that is wanted 'l 

Tutor. The air which we breathe contains, ia 
/ery 100 parts, about 22 of oxygen raa, by 
Leans of which combustion aod aDimarnTeare 
laiatained ; if a mouse, for instance, be confin- 
1 under a. receiver filled with conunon air, it 
ill live only till it has absorbed all the oxygen 
om it ; a candle also will burn till the oxygen 

exhausted, but no longer. 

Charles. Is there no fear of exViaa^^w^ '^% 
jaospbere itseli'in process of lime 1 
yor. That mit;ht he the case,U ftie.««"«^'^ 



aba.&a"« 



100 CHEMISTRI. 

DD natnnl oneaiu nd^pted to create new suji- 
plies of it; bstth^e seem perfectly Rdeqmtelo 
all OUT wants. Aa the cabb^c-plants uoderthe 
glass receiver gave out oxji^n gas wben eipowd 
to the sun's rays, lo we may be sure Ibiitlhere > 
ia, in every bright day, a perpetual diatillatioB ti ' 
oxygen gu, from, or by means of the vegetable 
creatioQ. 

CSiarUi. Does this process, -H-hich is so im- 
portant in itself, tmly go on m the light of tbe 
sua ? 

Tutor. Though the oi^ans of all vegetables 
pour forth streams of oxygen gas during the pre- 
tence of the ana's rays, yet it is ascertuned, 
beyond all doubt, that at night they emit & gu 
of a contrary and very nosioas quality.* But 
to proceed : water is a compound substance, as 
Tve shall hereafter »how, of oxygen and hydro- 
gen ; every decomposition of that fiuid, of whicb 
there may be numerous instances that we knoK 
Dothing of, must afford new supplies of oxygen. 

' Tbe effect of li^t on vegEtRtion is tvel) known totn- 
rr pnictictl rardener. Many lloiverf follow (he counw of 
tlieiun; and plants Ihni grow in lioiitie?, or other confined 
siluat'iona, press tonanli Ihe light; wlierras, iilaiils llial 

Gw io tfae shade, or are suffered to remain in daiksea, 
pale, and aloiost colourleas. To blanch tbeir lettncoi 
cebbagea, &c. gardeners tie up the leaves, to guard tbeni 
from the light. The Erealer the li^l to which iJonti ■» 
exposed, the brighter the colour which they acquire. Ve- 
getablei are not only indebted to the sun s rays for their 
«Dtoiv,bDt for their taste and odour also: hence, the hoi 
^baate* an tbe native countries o£ \wT(DiB«ft, Uf^ Ba- 
"fi/hitii and aromatic resins. 
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James. In appearance, this gas does not seem 
at all different from common air. 

Tutor. True ; and this brings us to its other 
properties ; (2.) it is colourless and invisible, 
elastic, and capable of great degrees of expan- 
sion and compression. 

Charles. You said it was heavier than atmos- 
pheric air ? 

Tutor, It is, in the proportion of 34 or 35 to 
31 ; that is, when a hundred cubic iiicnes of 
common air weigh 31 grains, the same quantity 
of oxygen gas will weigh 34 or 35 grains. 

.^Fou will remember, also, that oxygen gas is 
peculiarly characterized by these two proper- 
ties : — ^First, that of supporting animal life by 
respiration ; and, secondly, that of supporting 
combustion. 

. The nature of combustion will be considered 
in a few days. 
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. CONVERSATION XV. ., 'i,;^- 
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J 

Q^ jitro^e, or JVVlr0|g«fi. * - c 

TUTOR. The next siibatiDoe I wioii jrm to 
be acquainted with is azote, or, at it ia ca fed bf 
some chemiita, oitn^n ; becawe diia^ ItBir 
oxygen, enters into tibe composition of theait^ 
mospheric air. 

Jannes. U nitrogen a simple or elementary 
substance ? 

Tutor. It has loi^ been suspected to be a 
compound ; and, as the result of numerous ex- 
periments, it is supposed to be compounded of 
oxygen and an unknown base ; in the proportion 
of about 55 of oxygen to 45 of base. 

Charles. Is nitrogen, like oxygen, to be 
known only in combination with other sub- 
Stances? 

Tutor. Just so : combined with calorio, it is 

ISotic or nitrogen gas ; it is found in combination 

vith all animal and vegetable bodies, (a) in nitric 

•siA aad in ammonia. It ia \nca^^\& ^£ vk^ 

wimallife^ or combuation. 



F AZOTE, OR NITROfil 



nimal die 




lames. Would s 

diately ? 

rutor. Yes, a mouse, or a bird, that would 

: for hours io a vessel of oxygen gas, and some 

e even in a vessel of common air, will die 

moment it is plunged into 
lied taper will, as you ehall aee, in similar 
^umstances, be instantly extinguished. Sut 
lixturc of this and oxygen gas produces at- 

^arles. In what proportions? 
'^utor. About 78 parts of azotic giis, and 22 
Dkygen gas, make 100 parts of atmospheric 
; these numbers are near the truth, but not 
olutely accurate, because, besides these gases, 
1 in the atmosphere small portions 
hydrogen gas and carbonic acid gas. 

Is azotic gas heavier than common 

No, it is somewhat lighter ; it is, 
fcver, elastic, and capable of condensation 
Ijilatation. 
fries. Can you imitate the common air, by 
E together the oxygen and azotic gases ? 

Most readily. You have seen with 
liplendour a taper burnt in the former, 
^w instantaneously it was extinguished in 
; now I will mix in this jar, al present 
ivatGr, three measures of azotic gas and 
Ipxygen gas, and the taper ■w\\\^«.t^\\» "S- 
ms ia the air of the room, auA a. \it^*'*''^_ 
%the in it without any ri»\i. 
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/omef. iiom if asmtic gis prodnoej ^fl^ 

ficiallj ? ...;'i' 

TtUor, There arc sereral inm. , .,: j. , 

(1.) Under thk JbeU-glass (sium M A» 1%; tfif) 
which 18 full of atmospheric air, and 'ataMpgtlii 
water, I introduce some snlphiiret of fMilb 
which, in a fewda^, will absorb all tiie cnqg^ 
and leaye the azotic gas perfectly pom. 

Charle$. Has the sulphnret of potass a ttaoag 
attraction for oxygen ? 

Tutor. It has, and thus it separates it £rom 
the atmcMpheric air : during the experiment, the 
sulphur, by combining with the oxygen, is con* 
Terted into sulphuric acid, which unites to the 
potass, forming with it a sulphate of potess. 

(2.) Instead of the sulphuret of piotass, efwil 
weights of sulphur and iron filings, madia mo a 
paste, will answer the same purpose. The air 
in the bell-glass will gradually diminish, as the 
ascent of the water will prove, till only about 
three fourths remain, which is pure azotic gas. 

(3.) Any kind of muscular flesh, cut in small 
pieces, and put in a retort, with some diluted 
nitric acid, will, by the application of heat, pro- 
duce azotic gas, which may be preserved by 
means of the pneumatic apparatus, Fig. 4. 

Jame$, Why. do animsd substances yield this 

Tittar, It is found that they are composed of 
^oie, carboUf hydrogen, and oxygen, and, by 
* addition gfthe nitric acid, t]ki^ ipE^oV^ V& %^^ 
See vol. ii. 



OF AZOTE, OR WITHOCEN. 

CharUs. Do these difTerent substances decoif 
ise the air in which they iirc conlined '! 
Tutor. They do, by absorbing the oxygel 
id leaving the azotic gas pure. 
It is found, that the air bladders of the c 
on carp contain azotic gas : if, therefore, thes 
adders are broken, under inverted . " 
led with water, the gas is easily collected i 
lall quantities. 

r>' 

- TABLE 



E base ot almospheri 
Irous oiyje. 



{ Hydrogen . . . - 

I see there are four different combi- I| 
IS of azote with oxygen, are these regulated 

Bhe quantity of oxygen absorbed ? . 
^i(or. They are ; in a certain proportion, 

Bof 22 parts oxygen gas to 78 of azotic gas, ti 

latmosplieric air is formed ; when more ll 

fn enters into conibinntion, we have nitrous | 

h a still greater proportion, we get | 

Ke gas; and, when more oxygen is absorb- I 

p have the nitric arid. I 
s best method of diatingH\a\\mpj ■\7.Wlw. ^aj 
mher gasee, which resemWft W \u ^^^■(iM 
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1 



properties^ is, that it produces no .chalice in the 
vegetable coloars ; and when agitated mOi Saw 
water, it does oot render it milky. 

Charles, Has it been ascertained whether ni* 
trogen is a compound ? 

Tutor. From some experiments hj Mr. Ueis, 
it would follow, that nitrogen is compoaed of 
oxygen and hydrogen with less oxygen than 
exists in water. But their accoracj haa been 
doubted. 

The experiments of Sir Humphrey Davy, on 
the presumption of nitrogen being utk oxyde, b>nre 
not been attended with success. Hence, ssys 
Dr. Henry, the general tenor of these inqoiiief 
lends no strength to the opinion that mtrogte is 
a compound body. 



OF UlfDROOKN. 



CONVERSATION XVI. 



Of Hydrogen* 

TUTOR. The nex tsubject is hydrogen^ which, 
1 1 have hinted before, is one of the constituent 
rinciples of water ; and on that account it has 
s name. It possesses so great an affinity for ca- 
ric, that it cannot be procured but in a state of 
mbination ; and, united to caloric, it forms hy- 
)gengas. 

^%arle3. Was not hydrogen gas formerly called 
ammable air ? 

\tor. It was ; and it is one of the most abun- 
'. principles in nature ; for, besides making 
it the one sixth or one seventh of all the water 
exists, it is one of the ingredients of bitu- 
1, oils, ardent spirits, ether, and, indeed, of 
e component parts of animal and vegetable 
s ; it is one of the bases of ammonia, as 
ve seen, (p. 141,) and of various compound 
as we shall see hereafter. 
es. What are the chief properties of hy- 
gas? 
". ItiSf like the others, \uV\aV\A^ «».^ ^^^" 



Tutor. Theydoy wheneyer tliey are usefl: 
thos^ywesay, 

Oxyde of phosphorus, 
PhosphorotM acid, 
PhosphoWc acid. 
The oxyde is phosphorus changed a little bj 
exposure to the air, at a low temperature. 

James. Are not the terminations <m$ and ic 
applicable in all cases ? 

Tutor. No: for all substances do not admit 
of similar degrees of oxygenation; thus, we 
baTe» 

Oxyde of carbon (charcoal) 

and 
Carbonic acid ; 
but no carbonoiM acid. 

Janus. Does carbon then admit of two degrees 
of oxygenation only ? 

Tutor. It does. Again, we have 
Muriatic acid, 
Oxymuriatic acid, 

and 
Hyperox J muriatic acid. 
In this case, we have no degree so low as aii 
oxyde, nor any which can be denominated muri- 
Siious, In some instances, only one degree of 
oxygenation is admitted, as in the fluoric acid and 
boracic acid. 

Charles, Does the same principle hold with 
rej^ard to the metals ? 

•"* Tuior, Yea : the black, the yellow, and the 
9d oxydes, denote the differcnl ^e^ee& rf 



'OUNDS. 

jgenation ; the black being the lenst, and tl 

d the greatest. 

Jainci. Are the colours the same 

ydes of all metals ? 

Tutor. No : in lead we have the gray, tha 

How, and the red. In bismuth tliere a 

o, nsmely, the gray and white oxydea ; 

It and nickel only one ; but arsenic atlmita of | 

ree degrees of oxygenation, viz. 

1. Gray oxyde of arsenic, 

2. White oxyde of arsenic, 

3. Arsenic acid, 
ms you nnderatand that oxygen is capable of 
mbining with a great many substances, pre- 
lely as salt, or sugar, will combine with wa- 
r: its properties are, (1.) that it is absolutely 
cessary to combustion, and to the existence of 
imal life, without which, neither the a 
\ other can exist a single moment. 

ea. If so essential, where is the great re- 
r to supply all that is wanted * 
ir. The air which we breathe contains, in 
100 parts, about 22 of oxygen gs, by 
i of which combustion and animal ETe are 
Btained ; if a mouse, for instance, he confin- 
a receifer filled with common air, it 
jnly till it has absorbed all the oxygen 
A candle also will burn till the osygea 
lausted, but no longer. 
^ie«. is there no fear of estaxwi^w^ '&» 
kere itdelt'in process of t\mft ^ 

. Thai m/^hl be the case,Vt feesavfe^ 
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no natural means adapted to create new sap- 
plies of it ; but these seem perfectly adequate to 
all our wants. As the cabbage -plants under the 
glass receiver gave out oxygen gas when exposed 
to the sun's rays, so we may be sure that there 
is, in every bright day, a perpetual distillatioD of 
oxygen gas, from, or by means of the vegetable 
creation. 

Charles. Does this process, which is so im- 
portant in itself, only go on in the light of the 
sun ? 

Tutor. Though the organs of all vegetables 
pour forth streams of oxygen gas during the pre- 
sence of the sun's rays, yet it is ascertained, 
beyond all doubt, that at night they emit a gas 
of a contrary and very noxious quality.* But 
to proceed : water is a compound substance, as 
we shall hereafter show, of oxygen and hydro- 
gen ; every decomposition of that fluid, of which 
there may be numerous instances that we know 
nothing of, must afford new supplies of oxygen. 

* The elTect of light on vegetation is well known to eve- 
ry practical gardener. Many flowers follow the course of 
the sun; and plants that grow in houses, or other confined 
situations, press towards the light ; whereas, plants that 
grow in the shade, or are suft'ered to remain in darkness, 
are pale, and almost colourless. To blanch their lettuces, 
cabbages, &c. gardeners tie up the leaves, to guard them 
from the light. The greater the light to which plants are 
exposed, the brighter the colour which tliey acquire. Ve- 
getables are not only indebted to the sun's rays for their 
colour, but for their taste and odour also ; hence, the hot 
climates are the ntiiiwe. countries of \>eTfuviiea, Vvl^Wy fla- 
'^^d fruits, and aromatic resins. 
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James. In appearance, this gas does not seem 
at ail different from common air. 

Tutor. True ; and this brings us to its other 
properties ; (2.) it is colourless and invisible, 
elastic, and capable of great degrees of expan- 
sion and compression. 

Charles. You said it'was heavier than atmos- 
pheric air ? 

Tutor. It is, in the proportion of 34 or 35 to 
31 ; that is, when a hundred cubic in'cnes of 
common air weigh 31 grains, the same quantity 
of oxygen gas will weigh 34 or 35 grains. 

.,Toa will remember, also, that oxygen gas is 

peculiarly characterized by these two proper- 

ies : — ^First, that of supporting animal Hfe by 

espiration ; and, secondly, that of supporting 

ombustion. 

The nature of combustion will be considered 

a few days. 
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Of^AzoUy or JVflrOtg^. 

TUTOR. The next siibatiDoe I wish tm to 
be acquainted with is azote, or, at it is oaUedhf- 
some chemiita, oitn^n ; becanae flua,- IUmt 
oxygen, enters into &e composition of the al^ 
mospheric air. 

JoAnes. U nitrogen a simple or elementary 
substance ? 

TSitor. It has loi^ been suspected to be a 
compound ; and, as the result of numerous ex- 
periments, it is supposed to be compounded of 
oxygen and an unknown base ; in the proportion 
of about 66 of oxygen to 46 of base. 

Charles, Is nitrogen, like oxygen, to be 
known only in combination with other sub- 
stances ? 

Tutor. Just so : combined with calorio, it is 

.azotic or nitrogen gas ; it is found in combination 

f§7lb M animal and vegetable bodies, (a) in nitric 

ac/d, and in ammonia. It is \nca.^^\^ oC %u^ 

Xtuiimal ii/e, or combuation. 
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AZOT&, OR HlTHor^Eir. ^H 

Jamet. Would an animal die in azotic gns ii 
mediately 1 

Tutor. Yes, a mouse, or n bird, that wo u 
lire for hours in a vessel of oxygen gas, andsor 
time even in a vessel of common air, will d 
the moment it ia plunged into azotic gas. 
lighted taper will, as you shall see, in simil 
circumstances, be instantly extinguished. 13 
a miature of this and oxygen gas producer i 
moBpheric air. 

Charles. In what proportions ? 

Tutor. About 7B parts of azotic gas, and I 
of oaygen gas, make 100 parts of atmospliei 
air ; these numbers are near the truth, but n 
absolutely accurate, because, besides these gasi 
there are also in the atmosphere small portio 
of hydrogen gas Roi carbonic acid gas. 

James. Is azotic gas heavier than comm 

Tutor. No, it is somewhat lighter; it 
however, elastic, and capable of condensati 
and dilatation. 

Qiarla. Can you imitate the common air, 

jTuxing together the oxygen and azotic gases ? 

Tutor. Most readily. You have seen w 

'*'lat splendour a taper burnt in the formi 

^ id how instantEuieously it was extinguished 

e latter ; now 1 will mix in this jar, at presi 

V oi water, three measures of azotic gas s 

**e of oxygen gas, and ttie taper v)\\\\>vkvi\ 

'' ^oea in the air of the room, aivi b,^« 

{T iireatbe ia it witboui any, risk.- 
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Janus, How is as(^c gis produced prfi- 
ficially? /^ 

Tutor. There are seyeral warn . ..4,, 

^1 .) Under this jbell-glass (such as a» Fig. tt,) 

which 18 full of atmospheric air, and stan&gjn 

, water, I introduce some snlphuret of M|lW|ib 

which, in a fewda^, will ahsorh all the o^^tfa 

and leave the azotic gas perfectly pure. 

Charles. Has the sulphuret of potass a strong 
attraction for oxygen ? 

Tuior. It has, and thus it separates it from 
the atmospheric air : during the experiment, the 
sulphur, hy combining with the oxygen, is con- 
Terted into sulphuric acid, which unites to the 
potaiss, forming with it a sulphate of potass. 

(2.) Instead of the sulphuret of potass, equd 
weights of sulphmr and iron filings, made into a 
paste, will answer the same purpose. The air 
in the bell-glass will gradually diminish, as the 
ascent of the water will prove, till only about 
three fourths remain, which is pure azotic gas. 

(3.) Any kind of muscular flesh, cut in small 
pieces, and put in a retort, with some diluted 
nitric acid, will, by the application of heat, pro- 
duce azotic gas, which may be preserved by 
means of the pneumatic apparatus. Fig. 4. 

James, Why. do animal substances yield this 
gas? 

Tutor, It is found that they are composed of 
azote, carbon, hydrogen, and oxygen, and, by 
the addition iff the nitric acid, t]ki^ iCLoX^ i!& %^\^ 
liberty.— See vol. ii. 
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Charles, Do these difTerentBiibstances decon 
ose the air ia which ihey are confined ? 

Tutor. They do, by absorbing the osygel 
id leaving the azolic gas pure. 

It is found, that the air bladders of the i 
ion carp contain azotic gas : if, therefore, the 
lasers are broken, under inverted 
lied with water, the gas is easily collected 
nail quantities. 

TABLE 



base of almo^hen 



ia! nilr 

X. 4- nitr 



L Hydrogei 
I see there are four different combl- 
IS of azote with oxygen, are the^e regnlated 
■he quantity of oxygen absorbed ? 
f\(for. They are ; in a certain proportion, 
Bof S9 parts oxygen gas to 78 of azotic gas, 
I atmospheric air is formed ; when more 
[en enters into combination, we have nitrous 
; with a still greater proportion, we get 
ks gas ; and, when more oxygen is absorb- 
ve have the nitric acid. 

le best method of dielinguVaXAn^ ^t.q'wk:, ^» 
mlher gasee, which rcBembAe W W ^«aP-\^ 



peitiea, is, that it prodoGC* no^faangeia'.Qte 
-etable colours ; and'whec agitated mtli Kim 
er, it does not render it milb'. 
^3iarh). Has itbeen tucertamed.whe&Vki- 
rea is a compound ? 

Tuior. From some experimeDti by Hr. IGnt, 
rould follow, that nitn^n ia compoaed of 
^n and hydn^^ with lesa oxygen than 
sts in water. But their accaraey has beeo 
ibted. 

The esperimenta of Sir Humjihrey Davy, on 
presumption of nitrogen being !<n oxyde, have 
been attended with success. Hence, says 
. Henry, the general tenor of these inqoiiie; 
da no strength to the ofHUon ibat nitrogettlt' 
ompouod body. 
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OF HYDROGEN. 



CONVERSATION XVI. 



Of Hydrogen. 

TUTOR. The nex tsubject is hydrogen^ which, 
I have hinted before, is one of the constituent 
inciples of water ; and on that account it has 
name. It possesses so great an affinity for ca- 
ne, that it cannot be procured but in a state of 
nbination ; and, united to caloric, it forms hy- 
>gen gas. 

Iharles. Was not hydrogen gas formerly called 
mimable air ? 

Wor. It was ; and it is one of the most abun- 
principles in nature ; for, besides making 
t the one sixth or one seventh of all the water 
exists, it is one of the ingredients of bitu- 
, oils, ardent spirits, ether, and, indeed, of 
I component parts of animal and vegetable 
I ; it is one of the bases of ammonia, as 
7e seen, (p. 141,) and of various compound 
as we shall see hereafter. 
e«. What are the chief properties of hy- 
gas? 
•. It is, like the others, iovVaWA^ «3Si^ f^«i- 




thu-. 

Osyde of piiosphorus. 
Phosphorous iicid, 
PhofpfaonV acid. 
The oiyde is phosphorus changed a little by 
exposure to the air, at a low temperature. 

James. Are not the lerminatiODS ovt and (c 
applicable in all cases 1 

Tatar. No : for all subs ances do not admit 
of similar degrees of ( ^enation ; thus, we 

Oxjde of carbon .harcoal) 

Carbonic acid ; 
but no carbonous acid. 

James. Does carbon then admit of two degreeE 
of oxygenation only ? 

Tutor. It does. Again, we have 
Muriatic acid, 
Oxymuriatic acid. 

Hype roxy mil ri;itic acid. 
In this case, we have no degree so low us ab 
oxyde, nor nny which can be denominated mori- i 
atous. In some instances, only one degree of 
oxygenation Is admitted, as in the fluoric acidand i 
boracic acid. I 

Charlet. Does the same principle hold with 

rejnrd to the metals 1 i 

Tuior, Yes : the black, the yellow, and the 

red ffjrydes, denote the diffeveTil ic^ntca «C | 



;x5gB'>^ti°'> ; ^^ black being the leaat, 
red tlie irreiitcat. 

Jamti. Are the colours the some in th| 
wjdea of all melals ? 

Tatar. No : in lead we have the gray, 
fellow, and the red. In bismuth there art 
wo, namely, the gray and white oxydes : in co- 
balt and nickel only one ; but arsenic admits of 
'hree degrees of oxygenation, viz. 
\. Gray oxyde of araenic, 

2. White oxyde of araenic, 

3. Arsenic acid. 
Thns you understand that oxygen is capable of 
combining with a great many substances, pre- 
:iaely as salt, or sugar, will combine with wa- 
ler: its properties are, (1.) that it is absolutely 
accessary to combustion, and to the existence of 

nimal life, without which, neither the one nor 
e other can exist a single moment. 

, Ifso essential, where is the great r«- 
r to supply all that is wanted ? 
iTufor. The air which we breathe contains, in 
lery lUO parts, about 22 of oxygen gas, by 
hich combustion and animal CTe are 
intained ; if a mouse, for instance, be confin- 
Bunder a receiver filled with common air, it 
\ live only till it has absorbed all the oxygen 
1 candle also will burn till the oxi'gen. 
Icbausteit, but no longer. 
\arlci. Is there no fear of ev-tiau^^Ti^ *&>.% 
Lphere itseWm process of time '*- 

. T/inf michl be the case, \S ftw^^^^*^ 
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no natural means adapted to create new sap- 
plies of it ; but these seem perfectly adequate to 
all our wants. As the cabbage-plants under the 
glass receiver gave out oxygen gas wiien exposed 
to the sun's rays, so we may be sure that there 
is, in every bright day, a perpetual distillation of 
oxygen gas, from, or by means of the vegetable 
creation. 

Charles, Does this process, which is so im- 
portant in itself, only go on in the light of the 
sun ? 

Tutor. Though the organs of all vegetables 
pour forth streams of oxygen gas during Uie pre- 
sence of the sun's rays, yet it is ascertained, 
beyond all doubt, that at night they emit a gas 
of a contrary and very noxious quality,* But 
to proceed : water is a compound substance, as 
we shall hereafter show, of oxygen and hydro- 
gen ; every decomposition of that fluid, of which 
there may be numerous instances that we know 
nothing of, must afford new supplies of oxygen. 

* The effect of light on vegetation is well known to eve- 
ry practical gardener. Many flowers follow the course of 
the sun ; ana plants that grow in houses, or other confined 
situations, press towards the light ; whereas, plants that 
grow in the shade, or are suffered to remain in darkness, 
are pale, and almost colourless. To blanch their lettuces, 
cabbages, &c. gardeners tie up the leaves, to guard them 
from the light. The greater the light to which plants arc 
exposed, the brighter the colour which they acquire. Ve- 
getables are not only indebted to the sun's rays for their 
colour, but for their taste and odour also ; hence, the hot 

climates are the native countries of \>eT(umes, VvV^Wy fla- 

^orrred fruits, and aromatic resins. 
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James. In appearance, this gas does not seem 
t all different from common air. 

Tutor, True ; and this brings us to its other 
roperties ; (2.) it is colourless and invisible, 
lastic, and capable of great degrees of expan- 
ion and compression. 

Charles, You said it 'was heavier than atmos- 
heric air ? 

Tutor, It is, in the proportion of 34 or 35 to 
1 ; that is, when a hundred cubic idcnes of 
3mmon air weigh 31 grains, the same quantity 
f oxygen gas will weigh 34 or 35 grains. 
.,You will remember, also, that oxygen gas is 
eculiarly characterized by these two proper- 
es : — ^First, that of supporting animal life by 
aspiration ; and, secondly, that of supporting 
)mbu8tion. 

The nature of combustion will be considered 
: a few days. 
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CONVERSATION XV. 



Cf Azotty or Nitrogen, 

TUTOR. The next substance I wish you to 
be acquainted with is azote, or, as it is called by 
some chemists, nitrogen ; because this, like 
oxygen, enters into the composition of the at- 
mospheric air. 

James. Is nitrogen a simple or elementary 
substance ? 

Tutor. It has long been suspected to be a 
compound ; and, as the result of numerous ex- 
periments, it is supposed to be compounded of 
oxygen and an unknown base ; in the proportion 
of about 55 of oxygen to 45 of base. 

Charles. Is nitrogen, like oxygen, to be 
known only in combination with other sub- 
Stances ? 

Tutor. Just so : combined with caloric, it is 

azotic or nitrogen gas ; it is found in combination 

fF//h a)} animal and vegetable bodies, (a) in nitric 

ac/J, and in ammonia. It is \ncap^b\^ o^ ^\i^ 

Parting animal life ^ or combustion. 



OP AZOTB, OR HITROCiRN. 

Would an animal die in azotic gas ii 

ay? 

>■. Yes, amotiae, or a bird, that would 
hours ID a vessel of oxygen gas, and some 
I'en in a vessel of common air, will die 
ment it is plunged into uzotic gas. A 
taper will, as you shall see, in similar 
ttances, be instantly cxtingnished. But 
re of this and osy^en gas produces lit- 
res. In what proportions ? 
r. About 78 parts of uzofic giis, and 22 
ren gas, make 100 parts of atmospheric 
ese numbers are near the truth, but not 
ely accurate, because, besides these gases, 
re also in the atmosphere small portions 
rogen gas and carbonic acid gas. 
!». is azotic gas heavier than common 

r. No, it is somewhat lighter ; it is, 
>r, elastic, and capable of condensation 
atation. 

■Us, Can you imitate the common itii-, by 
together the oxygen and azotic gases '! 
r. Most readily. You have seen with 
iplendour a taper burnt in the former, 
<w instantaneously it was extinguished in 
:er ; now 1 will mix in this Jar, at present 
water, three measures of azotic gas and 
oxygen gas, and the taper w*i\\\ivi.tw"vi:i''A. 
tea in Ibe air of the room, aii4 a.^:jJW^i 
iatbe in it trithout any risV. .^^^| 



n 



104 cBsmsTiir. 



James. How is azotic p» produced «rfi- 

ficially? 

Tutor. There are seyeral ways. 

^1.) Under this jbell-glass (sacn as ▲» Fq^ 12,) 

which is full of atbospheric air, and Bfanmiiy.m 

, water, I introduce some sulphuret of ftAf^ 

which, in a fewda^, will absorb all the Cf^^gUk 

and leave the azotic gas perfectly pure. 

Charles, Has the sulphuret of potass a strong 
attraction for oxygen ? 

Tutor. It has, and thus it separates it from 
the atmospheric air : during the experiment, the 
sulphur, by combining with the Oxygen, is con- 
Terted into sulphuric acid, which unites to the 
potass, forming with it a sulphate of potass. 

(2.) Instead of the sulphuret of potass, equatl 
weights of sulphur and iron filings, made into a 
paste, will answer the same purpose. The air 
in the bell-glass will gradually diminish, as the 
ascent of the water will prove, till only about 
three fourths remain, which is pure azotic gas. 

(3.) Any kind of muscular flesh, cut in small 
pieces, and put in a retort, with some diluted 
nitric acid, will, by the application of heat, pro- 
duce azotic gas, which may be preserved by 
means of the pneumatic apparatus. Fig. 4. 

James. Why do animsd substances yield this 
gas? 

TtUor. It is found that they are composed of 
azote^carhoUf hydrogen, and oxygen, and, by 
the addition of the nitric acvd, \ii^ iptfA&Va %^\.^ 
^^^^iK'—See vol. u. 
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o these different subs tancea decom- 
me air in which they are confined ? 
'ittor. They do, by absorbing the oxygen 
leaving the azotic gas pure. 
is found, that the air bladders of the coin- 
carp contain azotic gas : if, therefore, these 
ders are broken, under inverted glasses 
i with water, the gas is easily collected in 
LI quantities. 



\ 
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Hydrogen . . . nmcaoaiii. 

a-me). I see there are four different combi- 
ons of azote with oxygen, are these regulated 
he quantify of oxygen absorbed ? 
tor. They are ; in a certain proportion, 
of 22 parts oxygen gaa to 78 of azotic gas, 
atmospheric air is formed ; when more 
gen enters into conibination, we have nitrous 
de ; with a still greater proportion, we get 
ons gas ; and, when more oxygen is absorb- 
we have the nitric acid. 

'he best method of di9ting«\ahm^ xi.o'os. ^» 
^ther gases, which reaemWe "A to^.wsR'^* 



Wt>Hi< 



operties, is, that h proioeaB noxfainga la dw 
.'getable colours ; UMlriiai' ■gUated m& 'Bmt 
ater, it does not render it suUnr. 

OutrUa. Hm itbeen Mceiteued whfl&erw- 
cogea is a compoand T ' ' 

Tutor. FromBoiiieeX|>eniiieiitabjMr. Ifini, 
it would follow, that nitrogen b oompOMd of 
o^gen and hydrogen with leaa oxygen tiwB 
exuts in water. Bat their accuney. has beta 
doubted. 

The experimenta of Sir Hnm^ir^ I>af^,«a 
tiiepresamptionofnitrogenbeingaa* " " 
sot been attended with 8iiee«M. ' 
Dr. Henry, the graeral tenor of i 
lends no strengdi to the opinion that iikrf|^ii ' 
a compound bodT'. , ■ ",' ' | 
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CONVERSATION XVI. 



11 



! 



1. 



■■! 



I 



Of Hydrogen* 

7T0R. The nex tsubject is hydrogen^ which, 
[lave hinted before, is one of the constituent 
;iples of water ; and on that account it has \i 

une. It possesses so great an affinity for ca- if 

, that it cannot be procured but in a state of t 

nnation ; and, united to caloric, it forms hy- jp 

en gas. * 

larles. Was not hydrogen gas formerly called j 

nmable air ? | 

itor. It was ; and it is one of the most abun- 
principles in nature ; for, besides making } 

t the one sixth or one seventh of all the water I 

exists, it is one of the ingredients of bitu- J 

3, oils, ardent spirits, ether, and, indeed, of ij 

18 component parts of animal and vegetable ' 

ss ; it is one of the bases of ammonia, as | 

ave seen, (p. 141,) and of various compound 
fc, as we shall see hereafter. 
mes. What are the chief properties of hy- 
3n gas ? 
g/or. It is, like the others, iuviaftA^ «Xk.^ ^^5^- 
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tic ; but it is iiiU twelve tunes ficjhter Api^ttr 
modpheric air. 

Charles^ Its great levity, I belieye, renden it 
proper for ballooim. 

Tutor. It .18 used for that purpose; hmciwii 
the lighter fluid ahrays ascends in those that ine 
heavier ; and therefore* if the halloon aiid.t|e 
gas, which it contains, be Ughter than w .eoii^ 
bulk of common air, U will asceiid tiU it Mepjm 
at that height where an equal bulk of air '^^ 
just equal Uie weight of the balloon. 

Hydrogen gas has a disagreeable smefl^ an4 m 
unfit for fte purposes of ammal life wdL^CMtah 
tion. ... - : . 

James. Will it kill any one, like aTptin m§J 

Tuit&r. Not so soon, but it wooU in is few 
minutes effectually destroy life. R is ofim fiNSirf 
in mines and coal-pits, and, unless means are 
taken to ventilate them, no one can, without the 
most imminent risk, venture down. 

Charles. Why was it called inflammidble air, 
if it will not support combustion ? 

Tutor. On account, probably, of its readily 
taking fire, when it comes in contact with at- 
mospheric air. Fill a small jar, or conunon 
phial, with hydrogen gas, and, holding its mouth 
downwards, bring the gas into contact with the 
flame of a candle ; the air will take fire, and burn 
silently, with a blueish flame. The ignes iatni 
are supposed to proceed from inflammable air, 
ffrA/cA abounds in marshy grounds, set on fire by 
^Ae eieotFic Md. 
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Jame$. Is it owing to its l)eiDg united with th^ 
tmosphere th&t it burns ? 

T\ttor. Entirely ,80 ; for, if I introduce hydro- 
en gas into this bell, Fig. 1^, filled with mer- ^ 
ary, and place some tinder and phosphorus in 
le little saucer f, and then apply to the phos- 
horus^ a bent iron wire, heated in the fire, 
bich may easily be introduced through the 
lercury, the phosphorus will melt, but without 
ly inflammation. 

Charles. Why did you make use of mercury 
istead of water in this experiment ? 

Tutor, Because the iron wire would have been 
}mpletely cooled in passing through water, and 
mdered unfit for igniting the phosphorus. 

James, Will hydrogen gas bum in contact 
ith oxygen gas ? 

TSiUar, It will explode with great violence. 
!ere is a very thick phial ; I introduce into it 
16 part of hydrpgen and two of common air ; 
id, when they are thoroughly mixed, (which is 
isihr done by agitating them with the little wa- 
ll* tnat was remaining in the phial,) I will sud- 
inly bring the mouth of the bottle to the candle. 

James, It has made a report like a pistol. 

Tutor, I will now introduce two parts of hy- 
v^gen gas and one of oxygen, and then set fire 
t ^ as before. 

^^^^Tiarles, The explosion is much more violent 
^'^ . 

f\tor, A mixture of these two ^^e«>^«i&^^«*^ 
I ^d detonating air. If 1 tie a pVec^ o^V^^^^^* 
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pipe to this bladder, which I hav^ &^ wUk 
hydrogen gas, and with it btow up soap hi^klaSi. 
they will ascend rapidly to the ceiling ; bal^if, 
during their ascent, I apply to them a lif^bted ta- 
per, they will bnm withont noise. If now th» 
experiment be made with a mixture of tb^^lqr. 
drogen and oxygen gases, there will be ««tniig' 
detonation^. . V: i»'<»i 

James. Would a bird or mouse die in it f v ' 
Tutor, Tes, it would be thrown into <?o«nd- 
sions, and in a few seconds expire. AttanBCr 
haye been made to breathe it ; when it wm di- 
luted with common air, it was effected wittiift 
iifjury ; but pure hydrogen gas no one wm, jji^* 
ba^, ever id>le to inspire for aminute ti^raisfe 
dkarlu. How is hydrogen gas obtained ? ^ ' 
Tutor. It may be extracted by means of heat, 
from all bodies of which it is a constituent part; 
but the purest is that which is gained by a de- 
composition of water. I take sulphuric acid, di- 
luted with five or six times its weight of water, 
and pour it upon iron filings in a retort ; an effer- 
ves9eQce takes place, and the gas, which escapes, 
is hydrogen gas. By the application oi heat Is 
the retort, the gas will be produced more ahim-' 
, dantly.(a) 

Charles. Does that gas proceed from the in»* 

filings? • •<. 

Tutor. No : it is obtained by the decon^osi*' 

tion of water ; by means of the metal and the ' 

sulphuric acid; the water itself, which, a* ^We 

shall prove bereatter^ is a combVMi&oucfQacppa 
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and hydrogen, is decomposed ; the oxygen 
unites with the iron, and the hydrogen gas 



/ofRM. What is the cause of the noise which 
acconpuiies this kind of experiments ? 

T\Uor, It is owing to the quick motion excit- 
ed in the mixture by means of the air bubbles 
suddenly disengaged, and breaking at the surface 
of the fluid. 

JamtB. Is this gas obtained in astateofna* 
tare? 

TVtor. It may, in hot summer weather, be 
obtained in considerable quantities from all ponds, 
and other stagnant waters, by the following 
method. Fill a wide mouthed bottle with water 
(a conunon decanter, with a funnel, will answer 
UK Bame end,) and keep it inverted in the pond ; 
then stir the mud at the bottom of the water, 
just under the bottle, so as to permit the bub- 
bles of air which proceed from the mud to enter 
he bottle. This air will be found to be hydro- 
mi gas. (a) In hot climates, if the mud at the 
attorn of the pond be well agitated, and, imme- 
Btely after, a lighted candle be brought near the 
r&ce of the water, the hydrogen gas will take 
e, and the flame will spread over the whole 
rftce of the water. 

Uling stars, and other meteors, it is suppos- 
^e produced from hydrogen gas, inflamed by 
•lectric fluid. 

dries. Does the gas obtained Vw >i?DLV3> vi'«>j 
^ed from the water or the nvid'l 
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Tutor, It is gcnfirally flupfioHcd, that hydro* 
gen gait nlvfH\n procec<l« from watisr, in comc- 
(|uerH:i; of u tU*c(mi\)OMiion, We know, thiit wa- 
\^,r in etuiily dccomiKMfed by heiii, if iron be pre- 
sent. 

Jamea. 1 low in that ? 

7Wor. The oxygen of Uie water combiotf 
with iron, at a TP.d heat, ho vm to convert it iatt 
an oxyde, and the caloric uniteH with hydragtQ, 
and fornM hydrogen gas. 

('harUi. The hydrogen ga», which if pro- 
duced in nature, being fui' much lighter theocopi- 
mon air, must be continually ascending into the 
higher regions of the atmosphere. 

Tutor. It must ; and, in its pafwage, it mj, 
by means of the electric fluid, combine with the 
oxygen of the atmosphere, and produce water» 
which fallM in the shtipf* of rain. 

I will put iron hlin^H into this jar, Fig. 13, 
having two tubiihires ; to one is adjusted a very 
flmail gliiHS tube, z, and through the other, witb 
n glasH funnel, Fig. 5, 1 |M)iir diluted sulphuric 
acid, and iUt'u put the stopper in. I'he gas i 
inst'iritly diKirnffa^ed, and will escape through z 
to thiH 1 apply a light<Ml tap<:r. 

Jamf», It liaH tukfin iin% and continues 
burn with a fine blue Hamf*. 

Tutor. It iH ralifMl the philoHOphical cand 
and will burn aH long as any gaH f:oineH over. 

(*harh.». llaH thiH ^as b<*en applied to 
UMiffu I purpose. '! 

Tu/or. >lr//7iV;ia/ fireworks Hmj))^ <iot\*\.T 
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ed by fiUmg bladdcirs with it, and coniicrtin^ 
them witli jets, tubcfi, &c. bent in diflerent di- 
rections, and formed iuto vuriuUH figurcH, pierced 
with all sorts of holes. The gus, which in forced 
through these holes by pressing the bludderK, 
will, when inHumed, exhibit many curious phe- 
nomena, without noise or smoke. 

Jame9» You have said hydrogen gas h^is » 
▼ery ^'unpleasant smell ; upon what fact do you 
state this ? 

Tutor, Tliis may be known in many differ- 
ent ways^ especially wherever there is a sudden 
decomposition of water. If you suddenl)' dash 
some water into a very fierce fire, the water 
will be decomposed ; the oxygen will unite with 
'he coal, and the hydrogen be given out to the 
Xeat annoyance of by -slanders. 
CkarUn, As hydrogen gas is so much lighter 
uin several other gases, it will, I Hiipposc, rise 
the surface of any other gan with wliich it nuiy 
ancc to come in contact ? 
TtUor, This observation lesuls mo to mention 
ery curious property of hydrogen gas, whicJi 
>ossesses in conunon with all other aeriform 
ies, viz, u tendency to difTusn itself throuL>:h 
other elastic fluid with which it may be in 
let. 

*u know, that spirit of wine may, if propnily 
Juced on a vessel of water, \n* k<;pt from 
g, and so of other uonelantic (Vw'uX^. o^ vVx^vn- 
\>eciAc gravities. Ihit Uiin w woV vVv- cav^^* 
^astic Suida, or gases, wbicb vcv^^VA'^' y^"^^^' 
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trateeach ; the &ct, with Tespeci to hydro|eii 
and oiygeo gases, may be proTed by a rery •yph' 
pie experiment 

Provide two i^ass oance ^ah, and « tube 
open at both ends, abont ten inches long and a 
twentieth of an inch bore. At each end, the 
tube is, to be passed through a perforated coik 
adapted to the necks of both botdes. FUl one 
of^iem with oinrgen gas^ and the other with, 
hydrogen gas ; place the former op a table with . 
the mouth upwards, and into this insert the tube 
s^duredby its cork. Then, holding the hyiSro- 
gen phial with its mouth dowQwar£i, fit it upon '^ 
tike cork at the top of the tube. The two {Ntibr [ 
ties, thus connected, are to be . sneered loyj^* * 
main in this perpendicular position. . iSiit 
standing some hours, it will be found, that the 
two gases have united, and that hydrc^^ gas, 
fourteen times lighter than the oxygen, hiss de- 
scended through the tube from the upper to the 
lower phial, and the oxygen has equally ascended 
contrary to its mfJtural gravity, which maybe 
known by bringing a lighted taper to the mouth 
of each phial, when there will be an explosion 
in each, which proves ther^ must have been 9 
•nnion of the two gas^s, 
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CONVERSATIOl^ XVIL 



Of Sulphur and its Compounds, 

TUTOR. Sulphur is a very Important sub* 

itance in Chemistry, and it is one of those which 

lave never yet been decomposed. 

. jfames. Then it may be'denominated a simple 

ody. Is it not the same thing as is commonly 

died brimstone ? 

TWor. It is, as I have before told you; and 
attracted the attention of mankind at a very 
*ly period ; it was used by the ancients in me- 
ine, and its fumes have, for more than two 
<j6and years, been employed in bleaching 
1. 

\arles. Are there not two kinds, one in 
rolls and the other in powder ? 
^tor. It is known in both these states, but 
are rendered so by artificial processes. In 
e, sulphur is found in a state of combination 
nineral, vegetable, or even auv\£KsdTDaS()^^^« 
ts in many mineral watera, \>wV*\X.*\^ WiwA. 
reatest abundance in volcanic coxssi\.\S«^» 
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Jamet. In what state is it obtained ? 

Tutor, Frequently in a state of great parity r 
solid or in loose powder, either detached, or in 
veins of the earth. In some parts of Italy it is 
deposited as a cmst, on stones contiguous to the 
volcanoes. 

Charles, Does sulphur dissolve in water ? 

Tutor, No : but in oils, and in alcohol, it is 
soluble ; it may be dissolved also in hydrogen 
gas. 

James. Does it not readily combine with the 
di£ferent metab ? 

Tutor, It does, and in that state it fonns what 
were formerly denominated pyrites, but, accord- 
ing to the modem Chemistiy, these are cadled 
sulphurets. Thus sulphur united to iron is mar- 
tial pyrites, or sulphuretof iron. 

Charles. Are all the sulphurets combinations 
of sulphur with different metals ? 

Tutor, No : sulphur combines with alkalies 
and earths, as well as with metals, and the com- 
pounds are sulphurets. Thus we have sul- 
phurets of soda, of potass, of barytes, &c., as 
well as metallic sulphurets. When these last 
are found in a state of nature, the sulphur is ex- 
tracted by exposing them to the heat of a fur- 
nace. The sulphur, when melted, is received in 
water. 

James. How is it formed into rolls ? 

Tu/i?r. It is again melted, and poured into 
^^oden moulds. 
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Chdrlet, What do they mean by flowers of 
solphur ? 

ikaar. It is that, substaoce which is used in 
medicine, and which is formed by sublimation. 
To ob)mn this, sulphur is heated to the tempera- 
tariB of 170^ Fahrenheit, when it rises up in the 
form of a fine powder, which may be collected in 
a proper vessel, or, on a large scale, in close 
rooms made for the purpose. 

James. How do they make the sulphur casts 
of antique gems? 

•IWor. If sulphur be kept melted in an opto 
Tessel, it becomes thick and viscid. If, in thisi 
state, k it poured into a basin of water, it will 
he feund of a reddish colour, and as soft as wax ; 
and then it is employed in taking off impressions 
hom seals and medals. In this form it is csdled 
tlieoxjde of sulphur. 

Jkum9, But the casts that I have seen are not 
soft. 

Tutor: By exposure to the air they become 
hwrd and brittle again. 

When sulphur is heated to the temperature of 

i60^ in the open air, it takes fire sponta- 

Aously, and burns with a pale blue flame, and 

mits a great quantity of fumes. If these fhmes 

e collected, they are found to consist of sul- 

loric acid, which will be described hereafter. 




CAoWe*. Here are tfiree difierant c 
tions of oz^en with aulphur. 

Tutor. The first u an oxjrde, fbrmed wkh a 
gmaU portion of oxygen in union with the lolptiW' - . 
With a lai^r portion of osygen we get a weak 
acid : and, by a combination of the two nb^-: 
■tances, in which there is the ^eatest proportim 
of oxygen, we get a very strong acid, called aol- 
phnnc acid. 

Jamtt. Pray what is It'nero/'nilpftur? 

Tutor. It takes its name from its coleor. 
which is similar to that of brown liver ; and it 
ii formed of potan, or soda and sulphar in «qul 
parts : it is now denominated an alkaline sol- 
phuret. 

CStarUi. Is beat necessary in aiiiting these 
two substances ? 

Tutor. The operation must be performed by 
fire, in a crucible. 
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Tutor. It is ; and when set fire to in oxygc 
0, it barns with a most beautiful and brilliai 
;ht ;(a) during the combustion, it unites witl 
e oxygen, and forms an incombustible sub- 
ince, viz. sulphuric acid. 
Charles. What is the cause of some bodies 
iing so much more combustible than others ? 
Tutor. It is owing to the great affinity that 
ey have for oxygen ; of this kind is phosphorus, 
ence sulphuric acid, being already saturated 
ith oxygen, can have no affinity for it, and is 
«ordin^y incombustible. 
James. Of what use is sulphur ? 
T\Uor. It is of great importance in medicine, 
it 18 found capable, in a short time, of impreg- 
ting every part of the body; it id used in 
caching and in dying, and it makes a very large 
^portion of gunpowder ; one of its most com- 
1, but not least useful properties, is that 
's combustibility, by which, with the help of 
\der-box, light is almost instantaneously pro- 
tl. 

arles. Where is sulphur chiefly found ? 
tor. Volcanic sulphur is found at Vesu- 
Etna, Iceland, and in some of the West- 
Islands. But that which has not a volcanic 
is met with in Spain, Poland, Switzerland, 
S sndltaly, as well as in Asia and America. 
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grains of phosfAonis ; this I will infliaie ttj 

meaas of the hurning glass o. 

Charles, It buros with great splendoor ; asdl, 
as it burns, the mercury rises higher and higher 
in the glass. 

Tutor. The phosphorus, at a certain tempe- 
rature, combines wiUi the oxygen and ionm 
phosphoric acid, which covers the inside of the 
jar with white flakes, and occupies much len 
space than the gas. 

This experiment may be exhibited on a lng» 
scale : a ^, Fig. 18, is a glass balloon ha?uig a 
large aperture ; and to this is fitted a plate b f, 
in which are cemented tubes x and y, with 
stop cocks a a. Before the plate is fixed on, &e 
supporter z and the small cu^ c are introduced, 
and in the latter are some grains of phospbonu. 
The tube, x is now to be connected with an air- 
pump, and the balloon to be exhausted of air as 
much as possible ; then, with the tube jr^ oxygea 
gas is to be admitted. 

James, How will you inflame the phosphoras ! 
• Tutor, By means of a burning glass and Hbe 
rays of the sun, as before. The combustioa 
will be very rapid, accompanied with a strong 
degree of heat. 

Charles, Are the white flakes about the glass 
phosphoric acid ? 

Tutor, They are ; and, if the experiment be 

conducted with accuracy, the weights of the phot- 

pborus aad the oxygen gas should be taken, and 
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it wiU be found that they are precisely equa 
the weight of the acid obtained. 



TABLE 

OF THE COMBINATIONS OF PHOSPHORUS. 

Aoflphofiis combined with 

C 1. Oxyde of phos^horuff. 
Onygen, forms <2. Phosphorous acid. 

#3. Phosphoric acid, 
uyufogeui i 
Ante, 

ate, } forms Fhoq?hu«t5. 

Euths, J 

Jamet, The phosphorus sold in chemists* 
shops is in long slender rolls ; how is it moulded 
into that shape? 

Tutor, Phosphorus is easily fused ; and in 
liat state it is put into small tubes, which give 
form. With one of these little rolls, I can 
rite on any plain surface, as the wall of a room, 
on paper, &c. In the dark, the letters will 
pear luminous. 

^^Siarlet, How will you handle it to write 
b? 

^utor. That is a proper question, for the 
mth of the fingers will soon inflame it ^ to 
'•ent this, I will put a roll of ^\io«\^\vo^v3A V^ j^ 
, or in a pencil case, and iXiexiVL vb e.*^^" 



man I shall, however, always lia?e ■ 

basil. er at hand, incase it should take fire 

by the neac of (he atmosphere. 

Jamrs. I should like to surprise Emma with 
a sight of some phosphoric writing. 

Tvlor. Let me urge it upon you never to 
alarm any one io the nigbt, by such cxhibitiona, 
because frights of thia kind may be attended witb 
fatal consequences. 

Charles. How do you accouut for the lumi- 
nous appearance of the writing ? 

Tutor. It is caused by the great affinity 
which phosphorus has for oxygen, which renden 
it combustible at a very moderate temperature. 
It will inflame also by friction. 

Experiment 1 will fold a few grains in this 
piece of brown paper, and then rub it against 
the table. 

Jamet. The paper is soon on Gre. 

Tutor. A few grains rubbed in a mortar witk 
iron filings take fire immediately. 

Oiarles. How does friction cause the combos- 
tion? 

Tutor. It raises the temperature of the phos- 
phorus, which then attracts the oxygen from the at- 
mosphiere more rapidly, and, at the fame time, the 
light and caloric ate set free. 

Jamti. I have seen phosphoric bottles, with 
which a light is easily kindled. 

Tutor, These are made sometimes of pho»-' 

iras only, sometimes with ^hoB^horua and 

. and eometimeB with (boev^ot«& a»A v^ 
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hnVf in the proportion of eight parts of the for- 
ler to one of the latter. This last is so inflamma- 
le, that a grain or two taken out of the phial with 
match, and rcihhed on a cork, instantly inflames. 
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Of Carbon. 



)R, The nest subject under eonsii 
ban, or the diamond. 

I thought carbon had been am 

charcoal, but surely charcoal ant 

anot mean the same thing .' 

lucor. Carbon and charcoal are frequ 

used as Bynonymous terms, bat improper! 

since, as vte sh^dl show, charcoal is a comp 

of pore carbon and oxygen ; that is, chare 

ao oxyde of carbon, (n) 

Jamtt. What are we to understand by 
bon? 

Tutor. It is a simple substance ; and, in its 
state, is known only in the diamond, and t) 
fore the definition of the diamond will an 
for that of carbon also. 

Charles. Is the diamond a combustible 
stance? 

Tutor. It is ; this Sir Isaac Newton coi 
Airei/ to be the case, from its power of re 
*fl/ and in the year 1694 h wm v^o^^ 



b, by experimenU made by some philoso- 

Ts at Florence. 

ame». How did they burp it ? 

''ttlur. They exposed a amall diamond to the 

t of a large burning glass ; it firat became dull 

tarnished, loat part of ita weight, and at last 
rag entirely dissipated, without die smallest 
duum. Since that, diamonds hare been cop- 
ied by the heat of a furnace, and, in the year 
1, Macquer, a celebrated chemist, observed 

diamond swell up and burn with a sensible 
le. Many other experiments have tended 
rove, beyond dispute, that the diamond ia 
ibustible and volatile. 
'Jutrles. I do not yet see how the diamond 

carbon are the same. 

'«/or. M. Lavoisier, in the yew 1772, en- 
voured to ascertain the product of a diamond 
[)t in oxygen gas ; and he found, that the qtian- 

of diamond consumed was in enact propor- 

to the quantity of oxyigen gas absorbed. 
amei. During the combustion, did the dia- 
id combine with the oxygen gas ? 
War. It did ; and the product was found lo 
larbonic acid gas ; and this, as we shall here- 
r see, is a compound of carbon and oxygen. 
'karlea. The inference then seems to be 
\r, that the diamond and carbon are the Hams. 

how can charcoal be reckoned a compound 
iamond, or carbon and oxygen ? 



Tic^. By one set of expenmeiits, 100-fHli 
of caibonic acid gas were found to contiin. s' • 

17.88 parts of diainon),|iri 
82.12 of oxygen. 

100.00 
By another set of experiments, 10& parts of 
carbonic acid gas were found to be ccunposed of 

28 parts of charcoal, 
.72 of oxygen. 

100 

If, therefore, we take away the 72 parts of 
oxygen, which is common in both series of eir 
periments, there will be left 17.88 parts of dii- 
mond, and 10.12 parts of oxygen, equal to 2$ 
parts of charcoal. Do you comprehend now the 
difference between carbon and charcoal ? 

Charles. Carbon, or diamond, is a simple ele- 
mentary substance, but charcoal is a compound of 
carbon and oxygen. (a) 

Tutor. The diamond is that substance in a 
state of purity to which chemists now assign the 
name of carbon ; and charcoal, which is a com- 
pound of carbon and oxygen, is denominated tbe 
oxyde of carbon. 

Since 28 parts of charcoal contain 

17.88 parts of carbon, 

and 10.12 of oxjgen, 

28.00, 
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^OQ teil me what proportions of these suh- 
:es make up 100 parts of charcoal ? 
ime$. Yes, readily, bj two statements in 
Rule of Three, which will stand thus : av 

«8 : 17.88 : : 100 : 63.867, &c. 

28 : 10.12 : : 100 : 36.142, &c. 
hat, in 100 parts of charcoa], there are 

63.85 parts of diamond, or pure carbon, 
36. 15 of oxygen nearly , = 100. 
harUs. Does carbon unite with other sub- 
ces besides oxygen ? ^ 

Wor. Tes, with a number of bodies ; and 
compounds so formed are called carburets, 
IS, a combination of carbon and sulphur is a 
»aretof sulphur. Black-lead, also, or, as it 
ften called, plumbago, is a carburet of iron, 
posed of nine parts of carbon and one of 
I. 

%arU$, Do you mean the black-lead of 
ch the crucibles o^e made that bear the heat 
rell? 

htor. Yes : a moderate heat has no effect 
n it ; but, exposed to a very strong heat, in 
>pen vessel, it burns all away slowly, except 
at one tenth, which is an oxyde of iron. 
ames. Is the difficulty of combustion owing 
be iron ? 

^utor. No, to the carbon, which is supposed 
>e nearly pure, and, on that account, it re- 
em^ like the diamond, a very high de^ee oC 
^rature to produce any effect u\^OTi\\.. 



130 CHEMISTRY. 

Charles. Tn what respect is charcoily ffctt 
coDsumes away to a white powder^ with tfHiJ 
moderate degree of heat, like these sahstawsitt 

Tutor. Well made charcoal^ proyided d v 
and moisture he excluded, will endure, witM 
injury, the most violent heat that can be ap^M* 

James. Does it undergo no change bj hfnil 

Tutor. It is rendered harder and more bril- 
liant. This substance is possessed of many «h 
rious properties, among which is this, that it il 
not liable to decay with age. 

Charles. Is that the reason why carpenten 
and others char, or burn, the ends of posts be- 
fore they fix them in the ground ? 

Tutor. It is : this property was known to the 
ancients. It is believed, that planks and other 
wood properly charred will never be afiected 
with the dry rot. Charcoal is used to purify » 
great variety of substances. Cloths, which have 
become musty, lose their odour, if newly made 
charcoal be wrapped up in them. It will take 
away the taint from meat that is injured by being 
kept too long, provided it be boiled with it. Re- 
duced to powder, it is thought to be an excellent 
preservative for the teeth and gums. (a) 

James. How is charcoal made ? 

Tutor. A piece of wood put into a crucible, 
and covered well with sand, and then put into a 
strong fire some time, will be converted into a 
black shining substance, without taste or smell; 
^^d in that state it is pure charcoal. 
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haries. The comtnon method of hurning 

ncoal in piles, in the open air, cannot then 

i it in the pure state. 

\Uor, You are right : hat it may he rendered 

J being reduced to powder, and well washed 

1 pure water, and then dried, by means of a 

D^ heat, in a close vessel. 

ameSf, 1 think 1 have seen the smith put 

rcoal to his iron in the fire, when he wanted 

larden it. 

Wor. Yes, the carbon of it combines with 

I, and renders it hard, or, in fact, converts it 

I steel. The diamond does the same, which 

nother proof that carbon and the diamond 

less the same properties, or are the same 

\arle8. Was the experiment ever made with 
tiamond ? 

tor. Yes: M. Morveau, a celebrated French 

list, enclosed a diamond in a very small 

^le of pure iron, and exposed it, completely 

sd up in a common crucible, to a sufficient 

the diamond disappeared, and the iron 

n verted into steel. By a nice calculation, 

)een ascertained, that steel contains about 

tieth of its weight of carbon. 

ier property of charcoal is, that it ab- 

oisture, and, when dry, attracts greedily 

iment 1. Fill ajar with common air^ or 
of gas, and place it over Arj vsv^xcxix^. 
e a piece of red hot cW\xo?\ Ixotcv "Cwe^ 



I Are, and plunge it in the mercury; and 
I 4Eold, pa£9 it under the ^lass cootaining ga« 

% 9ut bringing; it into contact trith the atmos 
I a. cansiderMbie diminutiou of the gas wil 
I fected. 

I £x. S. If charcoal thus made to absorb ' 
la.gas, be brought into contact with fajdrog 
t/lrater is gener>ited. Charcoal resists the 
■ "fcctioD of animal Gubslances, aod is a vei 
I conductor of heat. 

I Ex.3. Charcoal ileetroys the taate, the 
I gnd colour of mauy vegetable gubatances. 
ft -aon vinegar, by being boiled od charcoal, 
Klitired perfectly limpid. Hum and other 
M^tirits loae their flavour and colour by nt 
" ^on with powdered charcoal. The col 
Ihmus, indigo, and other pigments sui-pen 
water Ja destroyed by charcoal. 

Ex. 4. Charcoal is a bad conductor of a 
hence powdered charcoal miiy be advaatag 
employed to surround substances required 
kept cool in 3 warm atmosphare; aud alsol 
fine the caloric of heated bodies. 
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CONVERSATION XX. 



Of Combustion. 

DR. Having, in some former Conyersa- J 

Qtered so much at large into the subject ] 

» we shall now proceed to consider the '■? 

of combustion^ which is closely connected ^ 

es. What do you mean by combustion.? 'i 

'. Here are a well burnt brick^ and a ^ 

f wood : what will be the consequence if i 

em both in the fire ? ] 

9. The brick will become red hot, but j 

»d will burn away, giving out, at the same 
^ht and heat. 

'. The term combustion is applied to the 
of the wood, but not to the heating of the 
Combustion is always attended with a 
;ement of light and heat. 
es. The brick, afler it has been made as 
ossible, may be taken out of the fire, and 
Dol and become as it \vaa\>efoT^,\sv\V^^ 
// be coDsumed. 

. 1^ 
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Tutor, You are ri^t with regard to the 
the wood, however, is not consumedj bat meRlj 
decomposed, part of which has gone offinAe 
shape of smoke, part in the form <n some partko- 
lar gas, and part remains, as yoa know, in the 
ashes. 

James. Then, with regard to this subject, there 
are two sorts -of bodies, those that will biini,a]ii 
those that will not burn. 

Tutor. Yes : these are distinguished as com' 
bustibles and incombustibles ; and combuition de- 
notes a total change in the nature of combustible 
bodies, accompanied by caloric and light. 

Charles. Is the combustible body, in all cases, 
decomposed ? 

Tutor. It tf : in the Operation of combustion 
there are, as you will perceive by a moment's re- 
flection, two things to be accounted for : 1, The 
change which the combustible body undergoes ; 
and, 2,. The emission of light and caloric. Now, 
in conformity with the principle already explain- 
ed in the Conversations on Affinity, these are 
effected by the double decomposition. 

Jaines. A double decomposition requires that 
there should be at least two compound substan- 
ces. The wood, I can easily believe, is one, 
but where is the other ? 

Tutor. No body will bum, or, in other words, 
combustion cannot take place, without the pre- 
sence of air. 

CAarics. The air, we know, is a compound of 
^V£^cn and azote ; and, ftieie^ote, N<je Vvje 
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lOR the two compounds for effecting this doubl J 
lecompositioR. 

Jamta. But combustion takes place most bril-l 
iaDtly in the presence of oxygen only, which i 
I simple boily, how is that explained ? 

Tutor. In both caseB, it is the oxygen ga« a 
J that is employed in combustion ; and, as : 
a combustion is concerned, this gas is a co 
•ound, consisting of ;k certain basf and calorie. 

Charhi. There are combustible bodies also, 
s sulphur, that are simple. 

Tutor, Yet these even are considered, in this 
heory, as composed of a certain base and light. 
n combustion, therefore, the base of the oxygen 
as combines with the base of the combustible, 
ud forms a new substance : while, at the same 
ime, the caloric of the oxygen gas unites with 

e light of the combustible, and the compound 
•es off in the abapc of fire. 
Ijamej. Can you illustrate this by a diagram, 
■h any particular body, as you did in the in- 
dices of chemical affinity ? 

^itor. Yes : we will take sulphur as an 
mple ; the double decomposition may be 
kn in this manner : — 



■■■'■?VJ5^ 



Here ttie }ma«. of lift sal[<bsr cMnbmm^iMJMIIh 
ftrraen ttf the j;M, lanmbg widi it « cdidMHil, 
ea^ ^olplniiK acid : ' tat tne coinbfitMWv 
J^t and aJeric prw flw ^compo Bu d' fai, <iMl> ' 
e«^ea. ■ ■ - '" '■-*_^' 

CKorlM. This ia etnttiohf • re^ ll^WJBf 
Uieorjr, if it i< trae : but w*r ia it'j^irflp- 
light «nsti in the eoOdmiffllle bodr iB'saWkV 
comlMDilion ; m^lt not'lnoeejed matt Aa'^li^ 
l^nl^t' ■ ■ ■■' ■■i-?.v-- 

TWr. Tbereaaonh assigned by Dr. ThonuoD, 
and othen, in defence of this theory, appear to 
me Batiflfactonr ; tlii^ are these : ] The qaanti- 
W of lights whi<^ appears during combustion, 
mpends on the combrntible body. Phospkorut, 
as yoa bare leen, enfits a rast quaotity, chuTcooI 
a amatler, and hydrogen the smalle^tt of the three. 

Jamet. Perhaps, during the combustion of 
phoaphorua, a greater qnantity of oxygen ent^ 
into the combination thaii in the other csseii 
which may accoant for the moat light. 
• Tutor, No, the reverse ia the case : the qOin- 
tit^ of oxygen, which combinea with the com- 
bustible body during theae proceaaea, ia greatest 
in those inetancea where the light is amanest 
2. The colour of the light certainly depends, in 
every instance, upon the combustible that burns, 
which would scarcely happen unless light were 
separated from it. 3. Vegetables made to grow 
in the dark, do not produce combustible sub- 
Btaaces ; light, therefore, Beema necessary to 
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the very esistence of combustible bodies. 
you underatand now tliis theory ? 

Charles. 1 think [ do. Oxygen gns, which 
rtccesaary to the process, is composed ofosygei 
ind caloric ; and the combustible body censiat 
of some particular substHOce called the base ai 
light. In every case of combustion, Ihe base 
the combustible unites with the uxygen, forming 
ivith it a new substance ; while the light of the 
c:ombustible combines with the caloric of the 
oxygen gas, and goes off in the form of fire. 
See the diagram, p. i3b. 

Tutor, That is just : now we advance another 
itep. Dr. Thomson divides all bodies in nature, 
U far as combustion is concerned, into three, 
claeses, which he denominates mpportiri, com- 
ni»tibles, and incomhiistibles, 
I James, We understand what is meant by the 
Ivo latter terms, but how do you define the 
Ipier, supporter s 1 

1 Tutor. They are substances that are not, of 
nselves, capable of undergoing combustion, 
e necessary to the process. 
[pTmr/ej. Is oxygen gas a supporter ? 
Vufor. It is the only simple supporter that is 
when incombustible bodies -are united 
ki oxygen, they also become supporters. 

. I always thought that oxygen gas was 
^bustible. 

"Jo; it does not itself burn, but assist! 
J combustion of other bod\es ■, aw*", 4M.-iv»^ 
Lrocesc, JI combines wilh vW coi^'aS^"' 
12* 
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body, and may, by proper methods^ be agaiiii ob* 
tained from it. 

Charles. Do you reckon tbe common tf 
among the supporters of combustion ? ' 

Tutor, Yes : the azote is, of itself, neither t 
supporter nor combustible ; but, being nsaki 
to the oxygen, the compound becomes a sup- 
porter. The same thing occurs with regard to 
the muriatic acid gas ; of itself it is incombosti- 
ble, but, when combined with oxygen, it be- 
comes a supporter of combuetion. 

James. Then there are some incombustiUeSf 
as well as combustibles, that are capable of be- 
ing combined with oxygen ? 

Tutor, Yes ; the two just mentioned, viz. 
azote and muriatic acid, but no others. These, 
however, combine in several proportions. This 
circumstance distinguishes simple incombustibles 
from the simple combustibles : the former are 
incapable of buruiug, tor, during their comlnna- 
tion with oxygen, there is neither light nor heat 
given out. 

Charles. You said oxygen was the only simple 
supporter, pray what are the compound sup- 
porters ? 

Tutor. There are six ; and these are formed 
from the union of oxygen with azote and muriatic 
acid in different proportions. 

James. Then oxygen is the principle com- 
mon to all these substances ? 

Tu^or. Yes : to oxygen they are wholly in- 
fiebtedfor tbp property thatm^k^^ fti^m^MY^^iN. 
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cn. The supporters of combustion are thus 
arranged :— 
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Oxymuriatic acid. / $ 3*g o 

Hyperoxjrmuriatic acid A g,S 
or Chlorine. i S^.S'g g 

^ o « « ttO 



CAar2e«. Among the compounds of azote and 
oxygen^ does the air contain the least portion of 
oxygen, and the nitric acid the most ? 

Twor. Just so: combustibles are divided in- 
to three kinds ; the simple, the compound, and 
oxydes. The simple combustibles are hydrogen, 
Bulphur, phosphorus, carbon, and the metals, of 
wbich, the first four have been already described. 
James, Are the compound combustibles form- 
ed of these? 

Ticlor. They are : and most of them are de- 
nominated by terms ending in uret, as sulphure^^, 
pAosphuretSj carbt^re^^, &c.; as the sulphuret, or 
!>Ac3sphuret, or carburet of iron, &c. The 
■^.^'des are combustible, as being composed of 
^«:inbu8tible substances, or their com^owxA^^^*^^ 
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Chnrles. Are not the compoand comlmstiMef 
very numerous ? 

Tutor. Yes, they are : and they conatitnte 
the greater part of animal and vegetable nb- 
stances. » You are not now to he told, thati io 
every comhustion, the oxygen of the sappoifeer 
always unites with the combustihie, and loniii a 
new substance. 

James, It does, and a very different one too. 

Tutor. The general term for these snbstaiices 
is that of product. Every product is always eithar 
water ^ an acid^ or a metallic oxyde,(a) Can yoBf 
from what you know and have seen, give me V 
instance of each of these combinations ? 

Giarles, Yes : water is a product formed firoB 
the combustion of hydrogen and oxygen; ral' 
phuric acid is a product obtained from the com- 
bustion of sulphur in oxygen gas ; and the oxyde 
of iron, we saw, was a product resulting from the 
combustion of iron wire in oxygen gas. 

James, I have only one dif^culty on the sub- 
ject ; you have treated some substances as com- 
pounds to-day, which you described, a few days 
ago, as simple bodies, s^ich as sulphur. 

Tutor. Simple substances denote, in Chemis- 
try, those bodies that cannot be decompounded, 
in opposition to others that may. A sulphuret of 
iron may be decomposed, and the iron and the 
sulphur separated ; but sulphur cannot be de- 
composed so as to get the base by itself; if it 
£7 Fes out light, it combines, at the same time, 
^j'tA oxygen, forming thereby axi ox5^^> ^x an 



COMBUSTION. 141 

bid. Therefore sulphur may be considered as 
ainvple substance, (although, ^the modern theo- 
J or combustion be true, it is compounded of a 
cue and light^^ because the base cannot be ob- 
lined Irr itselr. 

The following facts I reconmiend you to corn- 
lit to your memory as axioms : 

1. Combustion cannot take place without the 
presence of oxygen. 

2. In every combustion there is an absorption 
f ozygen.^a) 

3. In the products of combustion there is al- 
fays ao augmentation of weight, equal to the 
uantity of oxygen absorbed. 

4. In every instance of combustion, light a|id 
tat are disengaged. 
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CONVERSATION XXI, 



Of Carbonic Acid Gas. 

TUTOR. We now proceed to carbonie i 
gas, which is diffused abundantly in nature. 1 
found in a state of gas, and also in combinaf 
with a great variety of bodies. 

Charles- What are its chief properties ? 

Tutor. It will not support combustion nor t 
mal life. 

James. Will it extinguish flame ? 

Tutor. Yes, instantly ; and it would be I 
to any large animal that should be plunged inU 

Charles. Why do you limit the operatior 
large animals ? 

Tutor. Because there are insects, for 
stance, that seem to require, for the continual 
of their existence, but very small portions of i 

James. Where is this gas found ? 

Tutor, In the lower parts of mines, cavei 

tombs, &c. ; and, on account of its suffocat 

nn^] destructive property, it was called the cho" 

damp. There is a cavern ue^r Naples, viz. ' 

^gI Cane, thai has long been t^amow^ ^o^ \5ftfe^ 
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rtion of liti^e iguantities ot'tiiis gas. A ilo 
Lveii into thi.4 cavern would immcdialely die. 
Jaiaea, Would it not kill a Luman being also 1 
Tutor. Not if he stood upright : because, 
s gas being heavier than common air, ir 
oportion of H to 1, it falls to the bottom, and 
erefore the upper part of the cavern is, in gen- 
d, quite free from the gas, while the lower 
rt U completely full of it ; of course, if a dog 
d man go into the place, to the former it will 
destruction, but the latter will experience i 
i efliects from it. 

Charles. I suppose this gas, like the other 
ly easily be transferred from one vessel to 
other ? 

TvtoT. Tcs, and even in a much readier man- 
: owing to its great weight, it may actually 
Ipoured out of any vessel like water. Here 
[jar containing some carbonic acid gas : if I 
1 it up, the gas will flow out precisely in the 
\ way, though perhaps not quite so fast, as if 
e filled with water. 

w can 1 know that ? it appears to 
^pty. 

I told you this gas will extinguish 
will therefore pour what is in this ap- 
lly empty bottle upon a lighted candle. 
Wtes. It has extinguished it. This proves 
f gas must be heavier than common air, 
I it descends like any other body, that i^ 
\lly heavier than air. 
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James, How did yoo procure the gas vi 
was in the jar ? 

Tutor. Besides being found in a natural stat^ 
it may be obtained from a great variety of mA 
stances, as from marble, chalk, lime-stone, &c* 
that with which you saw me make the eiqp^r 
ment was got from marble. 

James. By what means? 

Tutor. I put some pounded marble into a r 
tort, and then poured on it sulphuric acid, ( 
luted with about six times its weight of wate 
an effervescence immediately took place andt 
gas was disengaged, which 1 collected by mef 
of the pneumatic apparatus. 

Charles. Of what does marble consist ? 

Tutor. Of lime and carbonic acid gas ; i 
formed of these ingredients, and, by present! 
to it sulphuric acid, for which lime has astrom 
afhnity than for carbonic acid, it unites with 1 
sulphuric acid and lets the carbonic acid gas 
cape. 

James, What do you call that substance nc 
which consists of the sulphuric acid and lime 

Tutor, It is called sulphate of lime. 

Charles. What do you mean by sulphate ? 

Tutor. It is a term introduced into Chen 
try to denote a substance called a neutral » 
that is formed by the sulphuric acid with cert 
bases ; thus, sulphate of soda is a combinatioc 
soda and the sulphuric acid ; this is also cal 
Ohuber^s salts. Sulphate of potass, called a 
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id tartar, is produced by the combinatioii 
aric acid and potass. 

As marble consists of lime and car- 
id gas, and as you obtain the latter by 
ig sulphuric acid to the lime, how would 
;eed if you wanted the lime by itself? 

It is obtained by great heat, which 
>mpose the marble and drive off the gas. 
i$. Is this the way it is got in the com- 
!-kilns ? 

It is : but, in general, chalk, or lime- 
used instead of marble. The best lime 
hich is the most free from the carbonic 

This gas is formed also during fer- 
n ; and, on account of its great weight, 
ies the empty space of the vessel in 
le fermenting process is going on. 

If I bring a lighted wax taper close to 
ice of a large brewing tun, while the beer 
Qting, will the flame be extinguished ? 

It will, and the smoke remaining in 
all then render its surface visible, which, 
ing, may be thrown in waves. 
is. Is this gas used for any practical 
J? 

It is found to be a slight acid, with 
ater may be impregnated ;^ it may then 

I internally, and it is found very benefi- 
any medical cases. Thus you find, that 
s thing, which is fatal to life in a state of 
f be of great advanla^e V.o >i5afe cww»}ato\.« 

II combined with water, ot oVXv^'t \x^>jsA^' 

13 
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It is the same with plants ; in a state of gii ii ^ 
is highly injurious, hut applied to them, when % 
comhined with water, it proves highly nutritif e. 

Charleg. How is this explained ? 

Tutor. Where there is water, the cartMNOC 
acid gas is prohahly decomposed ; the carboi 
unites with the vegetable or animal substance, 
becoming a component part of it, while the oxy- 
gen is disengaged. 

Jame$. With what other liquids is this gtt 
found in union ? 

Tutor In bottled beer, cider, and many 
wines it is found in abundance : m these it hu 
been usual to denominate it fixed air, but it is, in 
truth, the carbonic acid gas that gives them that 
brisk taste which renders them so pleasant. 

Experiment 1. Here are three glass tubes, 
each about nine inches long, and an inch and a 
half in diameter ; the first is filled with the com- 
mon air of the room, the second contains carbon- 
ic acid gas, and the third oxygen gas. 

Oiarles, To appearance they are all the same. 

Tutor, This lighted taper will show the dif- 
ference ; in the first it burns as usual ; I will 
put it in the second, and it is instantly extin- 
guished, but the wick remains red hot ; in this 
state, I thrust it quickly into the oxygen gas, by 
which it is kindled again, and it burns with 
great splendour. 

Janus, This indeed proves, in a very striking 
oiauner, how much fitter oxygen gas is for the 
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pufposes of combustion than common air, and 
how speedily carbonic acid gas extinguishes 
Ught. 

Tutor, By this property of carbonic acid gas, 
it may be ascertained whether wells, or mines, 
or yanlts may be entered with safety. Where 
ft candle will not bum, animal life cannot long 
exist. 

Ex. 2. I will fill this jar with carbonic acid 
ipffl, and let it stand a few hours ; you will then 
flee, that the water has absorbed the greater 
part or the whole of the gas. Water may, in- 
deed, by pressure, be made to absorb nearly 
tiiree times its own bulk of gas. In this state 
the water will exhibit acid properties. 

OiaHes, What are those ? 

Tutor. A piece of blue paper stained with 
litmus, being dipped into Uie water, will be 
changed to red. 

Ex. 3. This decanter contains lime-water, 
that is, a solution of lime in water ; you see it 
is perfectly transparent. I will introduce into 
it a stream of carbonic acid gas. 

James. It has already a milky appearance ; 
its transparency is entirely lost. 

Tutor. The acid of the gas has an affinity for 

«ad combines with the lii^, fonning with it a 

^Tirbonate of lime, which in time will be pre- 

^ ipitated to the bottom of the bottle. A similar 

^rfect will be produced with the solutioua oC 

^rytes, or sltrontian. 

Thjs acid is capable of com\mv\w% viVCsv^^ 
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earths, alkalies, and melal^, and IbimiDg witli 
them carbonates. 

Charles. What effect does it produce on them 
bj this combination ? 

Tvior. It renders some of the most acrid and 
destructive substances in nature perfectly mild, 
and even salutary. Pure quick-lime will bum 
every thing which it touches ; but, saturated 
with carbonic acid gas, it is calcareous earth, 
or chalk. Soda and potass are very corrosive 
substances, but, combined ivith carbonic acid, 
they become substances highly prized in phar- 
macy and for domestic uses. 

James. How do you procure carbonic acid 
gas for experiments ? 

Tutor. Into a common gas bottle, as repre- 
sented in Fig. 10, put some powdered or gross- 
ly bruised marble ; and pour on it sulphuric 
acid, diluted with five or sis times its weight 
of water. The gas will be produced, which 
should be received over mercury, unless it ii 
to be used immediately, when il may be col- 
lacted over water. - 

The following properties of carbonic acid 
gas will be worth your committing to your 
memory : 

1. It extinguishes tlame and is fatal to animals. 

2. It is much heavier than common air. 

3. It is absorbed by water, and water, im- 
jiregoated with it, may be freed from the gas 

Ai- boiltpg, or bj means of the a\v-^ump, or bv 
^ing. 
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4. Carbonic acid gas, when combined with 
water, reddens vegetable blue colours. 

6. Carbonic acid gas precipitates lime com* 
»ined with water ; of course it is an excellent 
est to discover the presence of lime whenever 
1 18 suspected. 

6^ Carbonic acid gas is generated in several 
:ases of combustion, and in the respiration of 
inimals. 

7. Carbonic acid gas retards the putrefaction 
»f animal substances, and it exerts powerful ef- 
ecta on living vegetables. (a) 
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CONVERSATION XXII. i 



Of Atrnospheric Atr-^Nitrovs Gas — EudionuMth 

TUTOR. Having described the principal 
kinds of gases which come under the considera* 
tion of chemists, I shall proceed to a chemical 
examination of the common atmospheric air. 
This is found chiefly to consist of a combination 
of oxygen and azotic gases. 

Jarnes. Was it not formeriy considered as an 
elementary substance ? 

Tutor, Yes, it was : but the discoveries made 
in Chemistry have overturned that opinion, and 
many others, which were for several centuries 
regarded as sacred. 

Charles, Is it known what the proportiong are 
which go to the formation of the atmosphere ? 

Tutor, From the most accurate experiments 

it appears, that in 100 parts of atmospheric air, 

there are 22 of oxygen gas, and 78 of azotic 

ff^s. These probably exist m a state of chemi- 

^'^^ union. 
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ttnes. Is there not always «<Mne moisture 
air? 

utor. Water undoubtedly always exists i 
atmosphere, and so does carbonic acid gas 
frequently hydrogen gas ; but these proba 
Bxist .only by mechanical mixture, and not 
hemical union. 

iarles, I do not comprehend how you can 
rate these several parts from one another. 
)Uoi\ You know, that carbonic acid gas has 
sat attraction for lime ; here is some lime- 
T, that is, a solution of lime in water. 
lines. It is as clear as water ; I should have 
ght it had been nothing else. 
'Uor, Your sense of taste or of smell would 
undeceive you ; I take a glass full of it, and 
it in the room a few hours, and I shall find 
ered with a crust, or little whitish skin, 
\ is the lime in the water, combined with 
rbonic acid gas that was in the air. 
rles. Then the lime has a stronger affini- 
he carbonic acid than for the water, 
r. It has, and therefore it leaves the 
unite with the carbon ; and that sub- 
as we have already seen, would be called 
te of lime. 

. By placing any quantity of air over 
er, will the lime imbibe all the carbonic 
from the air ? 

It will completely, if the lim^w^^"^ 
cient quantities, and tVie 'woi^'c ^ssi^ "^x. 
/ ^ether, so thai the Ykmi^ i»k5 Xmsn^ 
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access to every part of the air ; thus yon ut 
how the carbonic acid gas is separated firom the 
rest. 

Charles. Can you as readily get rid of te 
oxygen ? 

Tutor, Yes : by inflaming sulphur or phos- 
phorus in a portion of the atmospheric air, these 
substances have so great an attraction for the 
oxygen, that they will combine with and form ib 
acid, and leave the remainder of the air pure 
azotic gas. 

James. Is there much carbonic acid gas in die 
atmosphere ? 

Tutor. There is rarely more than the one him- 
dredth part of the whole, and frequently not 
even so much as that ; but the atmosphere is 
seldom without it ; even on the tops of the high- 
est mountains it is found to exist in very sinsdl 
quantities. 

Charles, May we then infer, that the com- 
mon air, which we breathe, consists of oxygen 
gas, azotic gas, and carbonic acid gas ? 

Tutor, Yes : as, however, there is but a 
very small proportion of the latter, chemists, in 
speaking of the atmosphere, generally calculate 
upon the oxygen and azotic gases only ; and of 
these, in every 100 parts of common air there 
are, as we have said, about 22 of oxygen gas, 
and 78 of azotic gas. 

James, Does not the proportion vary under 
different circumatance^ ? 
Tu/ar. Yes, they do : aui, a^ VV, ^^xjJotvV^ 
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the air that we breathe depends on the quan- 
jr of oxygen gas contained in it,(a) various 
ethods have been invented to ascertain the 
aity of the atmosphere. 
Outrles. Are there any instruments for this 
ivpose ? 

Tutor. There are ; they are called Eudiome' 
n, on account of their being employed to mea- 
lie the purity of a given portion of air : this 
ads us to exhibit another kind of gas, called ni- 
Dosgafl. 

Jom^s. How is that obtained ? 
Tmtor, It may be collected in the pneumatic 
^paratos (Fig. 4.) I put a few pieces of copper 
a tmall retort c, and on them I pour some 
uted nitric acid ; and in a short time the ni- 
\m gas is produced. 

"Charles. What are the properties of this gas ? 

''uior. Like the others it is colourless ; it 

no sensible taste, is neither acid nor alkaline ; 

nnot be respired ; many combustible bodies 

ot bum in it ; but the combustion of others 

be supported by it, as phosphorus, when 

iuced in a state of inflammation, and many 

e pyrophori take fire in it spontaneously. 

ts most important property is the greedy 

lion that it has for the oxygen gas in atmos- 

air ; on this principle eudiometers are 

1. 

?». As the nitroirs gas attracts tKe vstl"^- 
to itseJ/, does it actunUy AxwAm^V ^^ 
beuir£rom which the oxyj^eu^gaax^^s^^^^ 



Tutor. It does ; aod, therefore, in preftn 
tion to this dimiDutioD ia the salubrity of tbesil 
estimated. In this tube, a h (Fig, 14,) I ban 
introduced a certain quantity of the air in llM 
room, which occupies the ^pane a a ; I will now 
throw up an equal quantity of nitrous gas, ttt 
observe whnt happens. 

James. A red smoke, or vapour, is prodnceA 

Charles. And the two aira together donBl 
occupy so large a space as they occupied sepB 
rately ; the water is now at b, though the air 4 
first kept it down to a, and therefore the qiu[iti< 
ty of that, in addition to the nitroua gas, shouU 
have sunk the water to x. 

Tutor. The red vapours are caused hytht 
union of the nitrous gas with the oxygen gas. 

James. Does the nitrous gas decompose tbl 
atmospheric air ? 

Tutor. Yes : it takes the oxygen gas from the 
azotic, and with it forms nitrous acid ; but, m 
the experiment is made over water, the acid il 
absorbed by the water. 

Charles. Is the remaining gas in the tube 
azotic gas only ? 

Tutor, It is : the enperiment will be mote 
striking, if, instead of atmospheric air, 1 mikt 
use of pure oxygen, for then I may throw 19 
three measures of nitrous gas without aeneib^ 
increasing the bulk of the gas tirst in the tob^ 

James. I felt the tube very warm while tb* 

red vapour was produced. ' 

Tufor, By decomposing *-W atnw^i^Wnfit' 
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w caloric escaped, which before was employed, 
1 a latent state, in holding the gases in solution. 

Charles, Is there any other method of exhi- 
itmg the comparatiye purity of different gases ? 

Titor. Yes, several : take two tubes, each 
few inches long, such as that in Fig. 14. Fill 
le one with atmospherical air, the other with 

2 gen gas ; invert them in separate cups of a 
ition of sulphuret of potass. The sulphuret 
ill gradually ascend in the tube containing com- 
Nm air, tOl only about four fifths of the original 
ill remain. 

James. Will it ascend higher in the other ? 

Tutor. Yes : if the oxygen gas be very pure, 

will absorb nearly the whole. 

Charles. Has the sulphuret of potass the pro- 
erty of imbibing oxygen ? 

Tiftor. It has, and therefore it acts only on 
le atmospheric air as long as any oxygen is com- 
bed with it ; of course, it is a good substance 
I ascertain the comparative purity of different 
inds of air. 

James. May not other substances, that ab- 
>rb oxygen, be applied to the same purpose ? 

Tutor. Certainly : phosphorus, for instance, 
'hen exposed to the air, absorbs all the oxygen, 
nd is converted into phosphorous acid ; this 
ibatance has been applied as a eudiometer, by 
Kposing to its action a portion of air : and, when 
e absorption of air has ceased, the rem^.vwdftY 
K3ieasured« 
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James. Does the diminution in 
quantity of oxygen gas which it conta 

Tutor, It does. Sir Humphrey 
posed, as a good eudiometer, a saturat 
of green sulphate of nrariate of iron, 
ed with nitrous gas. 

Charles, How is it used ? 

Tutor. A small glass tube grade 
with the air to be examined, is to 
into the nitrous solution, and agitate 
The oxygen is absorbed in a few m 
the diminution shows the degree of pi 
air to be examined. 

Another eudiometer consists of a { 
z. Fig. 25 ; into the neck of which is 
fitted a small tube, a 6, which contain 
a cubic inch, and is divided into 100 i 
The liquid used with this instrument 
boiling a mixture of quick-lime and 
water, and filtering the solution. 

James, In what way is this instrui 

Tutor, The bottle is filled with 
and the tube, containing the air to be 
is next put in its place : by inverting 
ment the air ascends, and is brought i 
with the liquid. 

Charles. Is the oxygen of it absorl 

Tutor, It is, so that the whole o< 

space than it did before ; I therefo 

ply the vacuum, open the stopper j 

water, and the water rushes \u \ the 

^aia renewed, another abftor^Wotv \ 
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proceed, till there is no farther diminu- 
le amouDt of which is measured by the 

the tube. 

t. Is there found to be any great varia- 
1th regard to the general purity of the 
ere in di£ferent places ? 
. No :(a) the air in Egypt, in France, 
)urgh, and some sent from the coast of 

has been examined with the greatest 
fy and it is found that the proportions of 
edients are always the same, or yery 
o, viz. 22 parts of oxygen gas to 78 of 
313, that is, in bulk ; for in weight there 
very 100 parts, 26 of oxygen gas to 74 

gas. 
?«. Since oxygen goes to the support of 

and is abstracted from the atmosphere » 

think that, instead of the proportions 
ig always the same, they must be per- 
fluctuating. 

The breathing of animals, combus- 
a thousand other operations, are con- 
bstracting the oxygen from the atmos- 
nd -decomposing it ; but azotic gas, he- 
ir than either oxygen gas or the atmos- 
air, ascends after the decomposition, and 
bly, in the upper regions, by some un- 
rocpsg, reconverted into atmospherical 
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'■arbonaUd or CarbureUed Hydrogen Gaiif 
kotphorated Hgilrogen Gas: of the GaOf 
xyde of Azote. 

VTOR. We shall now proceed to enol•^ 
some other of the gases, which, thou|k<' 
consequence in ChemUlrv, require Id i* 

::ed ; the first of these is li^lu carbtmaleilt 
vretud hydrogen ga). 

imei. Is this a modification only offajJngM 
i 

'vtor. It is : but its specific gravity is wK^ 
iter than that of hydrogen giis ; It burns inlk 
!eper and denser colo'ired lliuae. 
liarUs. How is it obtained ? 
'utoT. From murshcs and ditches, on th^iff* 
of stagnant [mJ putrid waters, and in sjimd 
ry situation in which putrid animal andn- 
ble matters are accumulated. It is ^bo pec 
i by the decomposttiian o( vioo^ 
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Jama, Do you mean by burning ? 

Tutor. Yes : the flame of burning wood U the 
infiamed carbonated hydrogen gas, set free by 
the nppHcation of heat to tbese bodies. 

Chartes. Is it not very like hydrogen gas 

Tatar. It is : it may be obtained in the same 
way, and may be burned as that is burned also. 

When common pit-coal is distilled in dose 
vessels, a vast quantity of inflammable air ia 
evolved, which bums with a line yellowish 
while flame, and yields the most brilliaat light, 
approaching to the light of a candle burning in 
oxygen gas. — For a more particular account 
of this light, now known by the name of 
lights, see Appendix to vol. ii. 

Jamts. Why IB it called tight, since it is of a 
greater specilic gravity than hydrogen gas. 

Tutor. In opposition to another gas, called 
the heavy carJfonated hydrogen gas, which is ob- 
tained artificially, and contains a larger quantity 
of carbon in solution than the former. 

Charles, Are there any other combinations 
of hydrogen gas ? 

Tulor. Yes; there is the sulphuretted hydro 

gea gas, and the phosphuretted hydrogen gas 

the former is hydrogen gas combined with sul 

ph ur, and the latter is the same gas combined 

H&h phosphorus. 

^^f Charles. Are these easily obtained ? 
^K^Tvtor. The sulphuretted gas ma^be abt'ws.'wM 
Knelling togetber, in a crurAVe, ts^A \ra^Sl 
miron&Unga Jind sulphur ; the TO»5% "\?^ 'i^aw^ ^ 



be reilaced to a powder, and introduced 
th'fe Tflwetz (%. 16). witb t*ro mouths. duI 
4j one of which hu a stopper, a, and the otlu^ 
the Mtt' tabe, b, aCcarately ground to fit At 
montha c and D. When the powder hssiKU 
put into the ^hial, the bent tube is to be placet 
inD, altd the other end mtroduccd through tbe 
tnogh of water into the jar f. 

J(MM*. WHI the gaa fly off without any adf- 
tiead heat T(ii) 

T^vfor. Tei, it will. It was formerly called 
kcpofiegaa; it ia nnfit for respiration andcon^ 
boitiDD, Vat when inflamed in contact witb A- 
■KM^eiic tit, or hydrt^h gan, it burns wiUi 
a PMdiih bine flame, and depoMts sulphur. It 
has alio anoUier Guriot)^ prbperty belonging to I 
it, by which the hands, if plunged into it, vffl 
continue luminoos for some nunutea after thej 
are withdrawn. 

Otarlet. Is the phosphorated hydrogen pi 
of the same nature ? ; 

T^ior. This is the 'most combustible raV 
stance in nature ; it takes fire immediately npoA 
contact with the atmospheric air ; and, whd 
mixed with oxygen gas, or with oxygenate! 
muriatic gas, it burns with great violence.— i 
When bubbles of it are safferetl to pass throng 
water, they take fire in succession, as they reaclf 
the surface of the fluids ' 

Jama. This Qiust be a curious kind of gas; 
prajr jjow is it obtained 1 
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Tbere is some risk attending the pro- ' 

tad therefore you should not make the ex- 
tent without proper assistance. In a small 
t, put one part of phosphorus and ten of 
intratcd solution of potass : make the mix- 
>oil, and the gas mn)' be received over mer- 

as in Fig. 8, or over water, as in Fig. 4. 
irles. h it the phosphorus that burns so 
mil,! 

'or. In this process there ia a oecomposi- 
r the water ; the oxygen of which unites to 
if the phosphorus, forming phosphoric acid, 
L unites to the potass, and forms phosphate 
tasa. The hjdrogen of the water disaolvea 
er part of the phosphorus, and is converted 
he pho^phuretted hydrogen gas. 
nea. Is any of this gas formed in nature? 

or. The air, which burns at the surface 
rtain springs, iind the ignis fatuus, com- 
' called the Jack-a-Lantern, consist of this 
ihuretted hydrogen gas.fo) 
len three measures of sulphuric acid and 
f alcohol are mixed together in a retort 
.ixture becomes very hot, assumes a brown 
ick colour, aod becomes of a thick con- 
ce : when made to boil by the heat of a 

gas in large quantities ia disengaged, which 
een denominated oiefiant gas. When this 

mixed with oxygen gas, and burnt in close 
Is, by means of electricity, it delonatas^ 
le prodocis of this combuatwiv ate, ^v4.»x 
fimiic acid ; hence, the conv^*MieiA ■^«^* 
I' 1 4» ^ 



CkarUi. An fliere dd ether ggseis ^lieiUei 
these f 

TtiU^. Tes, there, are many other gMeii 
which will he deBcrihedinonr ifatare eonnit* 
sationSv as connected with partiealar oljeeb; 
thus, muriatic acid gas will he described wlitt 
we come to spesk c^ the muriatic acid ; andlH 
of the resti. 
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CONVERSATION XIV. 



Of the Decompontion of Water, 

TAMES. Ton told us, a few days since, that 
:er was composed of hydrogen and oxygen ; 
you show us how it is done hy actual experi- 
it? 

\Uor, Till within these last forty years, wa- 

Mras esteemed an elementary principle, and 

one of the most interesting facts in the new 

nistry, to he ahle first to decoippose water, 

then, secondly, to form it anew from its 

iples, the hydrogen and oxygen gases. 

\rle8. It does seem strange, that such a 

nee as water should he compounded of two 

)f air only. 

T. I will first show you how it' -te -decom- 
here is a gl^ass tuhe, a b, Figv (9, ahout 
in diameter, which I place acl^08S the fur- 
with a very small inclination from a to 
lie extremity a, I lute on a glass retort, 
ling a certain quantity of disXiW^^'v^^'t % 
3 other is to be luted tVie viottkin^ ^ ^^ 
'of which leads to the botJiXe t.^\!i«^'\^'^ 
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two openinga ; one- eomected with iLe viotui, 
and in tbe other opening is find a bent lube, a, 
intended to can? off any elaritic Auida that at} 
escape into the bottle. Twoftres are dctmU 
be l^ted ; the one in the funace x sufficiot 
to keep tikedautabe red hot, and the othetii 
<be snuller funsce or crucible p, to keep tb 
water in 4be retort boihng.' 

CJuuUt. Then the water will pass in the fina 
of Bteanif'frovi the retort thrmigh the glass tulK 
into tiie worm, where it wiQ be again condetM^i 
and flow nt into the botfle z, aa water. 

Jbauf. Thiaiiaim^ distillation; but it Ml I 
£gtilled water made nae of. • 

TMtor. And, if tiie eiperiment be doDC ens' 
JtiUy, the same quantity of water will be foundift 
z, as was put into x ; so that, in this op«ratiM» 
it is proved, that mere beat effects no chmige M 
the water. 

1 wiy now repeat the experiment as 'before ; 
bat finit 1 will put some ^ains of chnrcoal in iIm 
tube A ^, through which the steam must pass iB 
its way to the worm. When the water is coid- 
pletely carried off from r, the charcoal in tt* 
tube wJU ^ found to have disappeared. 

Ckarhty Has the steam driven it into tbe 
worm ? 

Tvtor. It will be found to have vanished en- 
tirely during the operation, and a considerable 
^u;mtity of gas has escaped through Ibe tubei^ 
Let us now weigh the water "mi- Ttveteisoot 
*o aiucb io tbia as was pal m^o \.\i% ^ttart 6. 
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I. Then there is a loss, in this expeiri* 
»f water, and the charcoal. aUo, which 
t differ from the last. 
Vf • But some gas has heen ohtained in its 

*. Upon examination it will he found, that 

ds of gas have escaped, and that these are 

lit of new combinations made with the 

nd charcoal, that have disappeared ; one 

! gases is carbonic acid gas, formed from 

rcoal and the oxygen of the water ; and 

iT is a very light kind of gas, of a difier- 

ire, and, as will be shown, is pure hydro- 

• 

9. How much charcoal was used ? 

-. Twenty-eight grains ; and the quanti- 

eiter lost was Q5.1 grains. 

Ui* If the gas had been collected, would 

been equal to the weight of these two 

ces ? 

^ It would: in figures the experiment 

nd thus : — 

Grs. 
al, =28 

,^,. _oe 7- S 72 oxygen gas, and 
lost, -86.7- ^ j3 7 hydrogen gas. 

113.7 
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144 cubical iDcb^ of carboiuc ) 
add gu coHected • • . . • ) 

38P igchiM of light ^, capa- i. 
bleef c<mibustion . . . . .) 



A hundred eraiiia of carbomc acid 
iore,. consist of 28 grsdns of chGurcoal, 
grains of oxygen gas, which it deiiyej 
B5J7 grains of water. 

Jm^ I see also, that the 85.7 grainii c^inf 
consist of 73 grains of oxygen gas, vbA li^JmA 
of that lighter gas capable of being' Ym^f^^ 
ewjto^f as there is nothing lost in the etpmiiHl^ 
the whole may thus be accouDted for : a qusili* 
ty of gas is obtained, which is exactly equal is 
weight to the charcoal and water that dbsp* 
peared. 

Tutor. I will repeat the experiment exaiilf 
as before ; but, instead of charcoal, let us md[S 
use of some very thin shavings of iron, rolled up 
in the spiral form. Here is now a quantity w 
gas, which I have collected. 

Charles, Is the iron dissipated, as the charcoal 
was ? 

Tutor. So far from it, that it has increased ifl 
weight ; but then there is^water lost ; the quan- 
tity found in the bottle z weighs 100 grains less 
^Aan that, which was put into the retort r. 
James. Has the iron gained tYie^^ \Wi ^gwio? • 
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T\ttor. Not entirely : it has gained 85 grainsj 
and the gas coUected weighs 15 grains. 

Qutrles. The iron is a good deal changed since 
it was pat into the tube. It is yery like what 
was burnt in oitygen gas. 

Tutor. It is, indeed, a true oxyde of iron ; 
that is, iron combined With the dtygen of the wa- 
ter ; and the gas collected is hydrogen gas. 

James. Does it follow then, that 100 parts 6( 
water are composed of 85 parts of oxygen gas 
and 15 of hydrogen gas ? 

Tutor. Certstnly ; for^the increased weight 
frf'the iron, which is wholly owing to the oxygen^ 
and die gas collected, are equal to the weight of 
ihe water lost. 

These experiments, which were first made by 
i[» Lavoisier with the greatest accuracy, and 
which have been repeated|by many other che* 
mists, prove, that water is composed of oxygen 
aod hydrogen. When we tiext meet, I will 
show you how he produced water by the reunion 
of these two substances. 
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TpiXi$^, H. LaToisierwasiiotsatisfid^MBK 
die w^fsm of water only, to proye that if Ml 
compoef d of the two gases referred to jealMdtfS' 
he itiferre j, tbat, if water he a compound ofkf- 
dre^en and oxygen, in the proportions of 15 m 
85, it ought to follow, that, hy reuniting theia in 
the same proportions, the result would be water. 

James. The difficulty would be in bringing them 
into a stale of combination ; if mixing them to- 
gether in the same vessel would answer, that 
might easily be done. 

Tutor, They are both combustible substances, 
and therefore he had only to bring them together 
and inflame them, by means of the electric spark. 

Charles, How was it effected ? 

Tutor. He took a large glass vessel, such as 

A (Fig. 20), which held three or four gallons. 

Round the mouth he cemented the plate of cop- 

perB c, having above it acjYvuA^T oilVvt \siftw 
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pierced with holes, to receive three tubes, each 
of which, as you see, is furnished with a stop 
cock. By means of the tube h hj the air is exr 
hausted from the vessel a. 

James. Is the extremity h made to fit into an 
air-pump ? 

Tutor. It is ; and, by that means, the air i^ 
easily exhausted from the glass vessj^l, previousr 
ly to the admission of the proposed gases. Thi^ 
lobe z communicates, by m, with a reservoijr of • 
oxygen gas ; and the tube y , with an exceedii^t 
)y small aperture, communicates, by. n, with 
another reservoir of hydrogen gas. . There is 
also a glass tube inserted, and cemented in the 
plate B c, through which a metal wire g l, passes, 
haTing at its extremity l, a little ball ; from this 
to the extremity x the electric sp^rk is to pass 
to inflame the hydrogen gas. 

Things being thus prepared, and the glass 
vessel A exhausted of common air, it is filled with 
oxygen gas, by opening the stop cock a. The 
hydrogen gas is to be pressed in, and, as it enters, 
it is set fire to by the electric spark. The com- 
bustion can in this way be kept on as long as we 
please, by supplying a fresh quantity of the two 
gases ; and, as the experiment goes on, a qvianti* 
ty of water is collected on the sides of the ves^ 
sel A, and trickles down in drops to the bottom. 

Charles, Does not the inflammation of hydro- 
g^ n and oxygen gases produce a very violex^t^'^- 
/'A^sion ? 

Tutor. When mixed toge\\ier *m c^^V3e«v\[^^' 
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nogtamf «d in an opea ^twad, ttqf 4^^^ M 
here the h yd r oge n kinftrodBcedveiy graWI^ 
end it iBMBied uemediatdj* «fc the ^mtf'm' 
temityef the tnbe ; sofliitt it bmiMi ui«fj# 
br amier to the. coiDbastion d hjdrqnft gM 
when m contact onlj with the ntoMMpheaft-? 
tiee experiment, p. 14& 
I JoMte. Then Oie eqperiniei|t m^ he eqa* 
dii^ed widiont en J dinger t 

Jkttoff. Itmaj. Dr.ThenpBonthiisdeacrflli 
lhefiKt>*^If the ei|dosion he made mndM 
ireaiel, there is fimnd, provided the gashe veNi 
e quantity of water, eiactly equal in Wfjjpilli 
Aeman^ of the gases consmned. 

flkarhi,' The conehudonthmi is, tiJ^thewa? 
ter thns obtained must be comp^Med of flieie 
gases ; for it clearly did not exist in the vessel) 
and it is equally evident that nothing but the 
gases were introduce4 tQ it 

Tutor. Are you satisfied, from the experi' 
meniB of to-day, ^nd thp^e of yesterday, thatwa* 
ter is eomposed of oxygen and hydrogen ? 

James, There seems no reason to doubt it. 

IhUot, Remeo^ber also, that the combustion 
p£ hydrogen is nothing but the act of its combinsr 
tion with oxygen, and that water is formed aa s 
result ; ijf two parts in bulk of hydrogen gas are 
piixed with six of comn^on air the mixture es- 
plodes, and, after the explosion^ the mixture if 
reduced from 8 parts to ^. The whole of the 
bydrogen gas is consumed, a.\^d d^o ^e 9f IS^ 
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>a8 part of the cpnunon air, and a qaantity of wa- 
it is formed equal in weight to these bodies. 
C^rUi. In this experiment, then, the diminu- 
ra will be in proportion to the purity of the 
lies employed ? 

Tutor. It will ; and, as we have seen that 
e atmospherical air is in almost all cases the 
me, ^he experiment now under consideration 
fords a test of the purity of hydrogen gas. If the 
I parts of common air, and the two of hydro- 
tn gas, be reduced by inflammation to five, the 
rdrogen is considered as pure ; but if only to 
c, it must contain some foreign matter* 
James, Pray why are the tubes z and y (Fig. 
^Venlarged about the parts n and m ? 
Tutor. It is necessary that the gases used 
tuld not only be very pure, but they must be 
veyed also to the glass vessel in a very dry 
e ; and, therefore, in the swelled parts of the 
\8 there are placed some salts capable of at- 
ing or imbibing moisture, such as acetate of 
IS, muriate of Ume, &c. 
arles. Do the gases, by passing over these 
leave their moistui*e behind them ? 
'or. The salts are only coarsely pounded, 
t the gases pass freely between the frag- 
and are thus freed from every particle of 
re. 1 will now give you, in figures, the 
)f the grand experiment made on this sub- 
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TI/TOiL Then an flum aDEdu*, lAftf 
which are denomaated Jfiifid dbdieaf^pi^iPf 
other is called volatile ilkalL - * u^i 

Jamei. What it meant by tfie word alkaE t*' 

Tutor. It was originally applied to a snhstuice 
obtained from the plant kaliy which, being hornt, 
the ashes are to be washed in water, and, if the 
water be then evaporated to dryness, a white 
salt-like substance remains ; this is called alkdi* 

Charles. Is it obtained from nothing else ? 

Tutor. Yes : by burning any kind of green 
wood or seaweeds, alkali may be hdd ; but the 
alkalies differ in some of their .properties, ao 
cording to the substance from which they tie 
procured. 

James. What are the properties belonging to 
all the alkalies ? 

Tutor. 1. They change vegetable blue colours 
^o green. 2, They have an a.eT\^ wi^'^cnUar 
^te, 3. Tiiey render oils aa&ia\\mAc^\«irv^ 
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* 4. They are soluble in water ; and, 5, 
lire capable of combining with the acids. 
: three alkalies are potass, eoda, and am- 
; the first two are called fixed alkaliei, 
e laat volatile. 

rlti. Why are potass and soda denominat- 
id? 

>r. Because they require a red heat to 
ize them ; whereas the ammonia assumes 
lus foiTo, and is dissipated with amoderate 
■ of heat. 

«i. From what is potass obtained ? 
>r. If wood be burnt to ashes, and these 
washed with water, and the liquid filtrated 
len evaporated, the substance which re- 
is potash, which was long distinguished by 
me of vegetable ulkuli. 
r2c9. What are the properties by which 
ibslance is known ? 

or. It is a brittle white substance ; its 
i very acrid, uni so corrosive, that it is 
ly surgeons as a caustic (o destroy useless 
Ibences, and to open abscesses. It has so 
an aflinity for water, that one part of wa- 
ll dissolve two parts of potass, and the so- 
lis transparent, but almost of the consist- 
if oil. 

\m. Is this the game substance ^s is sold 
ishops as potash 1 

\tr. I am describing a subslance, \& % %^^V^ 
ity, whereas the potash of VXvt Av'sv*' ''* 
inated with many other tiungs. ft'j\«.«*' 
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TfUar. It ^grcM with pMM ID its taste, 
and action iqwDuimalbMiM, it has alsonatnag 
affin^jr Ar witer, bat^doo not liquefy, lilw 
■H, t^ basg exposed to the air ; it mcrelj 
floMWM, or bib into powder. 

OtatJM*. Tovttid, OU the alkalies reiulen' 
cib and fid miaiiMe with water ; what ate (be 
COflnoutdi tbw famed called ' 

Twoft Soap j the combination of potass vilk 
oil or UX, fbfma w^ aoop ; and the union of Bodi 
with Oe tame rabatancM ^toducps hardtasf. 

JamUi Doea DOtva, heing so much strongM 
thanaoda, nuke Ineaoft soap more powerful (ban 
thehaidl 

TWor. It doea : and oB that account it a aRd 
in watbiD^ wooh, woollen clotbt 
cal cases it is also nsed. 

Charltt. Soap is of different coloore, as Iht 
white, the jellow, and the mottled. 

Tutor. The while is made of very choice tal- 
low ; in the mottled soap is disperaed a solatio* 
of sulphate of iron, orblackosydeofman^oeKi 
which produces the colour : in yellow soap there 
b a. mixture of resin with tbe tallow. 

James. I should like to be able to make ioif- 

Tutor. Soap is en article subject to the ei' 
cise du^, which will prevent us from rnaonlV'' 
turing more than a very small quantity. 

Experiment. Take one part of slaked |iiRf< 
and two of carbonate of soda ; boil them i" 
ttrelre porta otwaiex foe half an hour; the«# 
trr and evaporate the soWvoa ^WWV'^.^gsp^ 
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r is such, that an ounce phial will contain 

ze and three drams of the fluid. To one 

* this fluid add two of olive oil, and let 

»e well heat together, and in a few days 

11 have a white hard soap. 

I, like potass, corrodes woollen cloth ; and, 

^lotions he sufiiciently strong, they will re- 

: to the form of jelly. 

e*. What is the use of this jelly ? 

>r. It has heen used in France as soap* 

! acids decompose soap, and separate the 

art from the alkaline. 

'les. How do you make the experiment ? 

r. In one of these glasses is a solution 

»in water ; in the other a solution in alco- 

es. They are both very clear, 
r. 1 will drop a little acid in them ; ihey 
V turbid, and the oil is separated, 
solution of soap in alcohol is used as a 
ascertain the comparative hardness of 
; with pure distilled water it may be mix* 
lOut effecting any change ; but if the solu- 
poured into hard water it produces a milki* 

*les. What is the cause of hardness in 
} 

r. Various waters obtained from springs 
nbined with metallic salts, or earths, which 
» occasion of the hardness ; these decom- 
)ap, because they have a alTcm^e,T ^SkwWj 
alkali than the oil has^ 
r» 16 
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Jamm. ti m/1 watftthatwliiciLU 
the«e Mlti * , 

TiOof.- U is I and thii diaftolveB soap ten 
completdy, 

CSkorbt. What do yon meu by ammoau, v 
rolatile alkali ? 

TVtor. It ia distingnuhed fi-om the fi««d ll> 
kaliea by a very iharp penettating Bmell, uj 
by its great ToUtility. 

Jamet. Is it a liquid ? 

TWor. Id its purest form it Subsists in B state 
•f gM ; ud then it is called ammoniacal gu ; 
it ia tianspaient and colomleas ; it i» acrid mi 
Gorrosire, bat not so strong as the fixed alki- 
lies, nor will it, like them, corrode animal bo- 
dies. When combined vriUi water, it is caHei 
liquid Bimnonia. 

Otarlei. Is not spirit of hartuhom liquU 
ammonia ? 

Ttttor. It is : but what ia gCDerall; sold go- 
der that name is weak in comparison of the relt 
liquid ammonia. 

Jamea. How ia pare ammonia obtained 7 

TWor. From a mixture of three parte of 
quick-lime, and one of muriate of ammonia n 

{lowder, put into a retort, and tbe heat of * 
Eunp applied to it ; the muriatic acid of tbe 
auamoma combines with the lime, and Ihegw. 
is driven off, which must be received onr 
mercary. 
darhi. VfowlA water absorb \v t 
Tufor. Yes, very rapidly, an* "\n gcwS. spwr 
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3fl. If a piece of ice is brought into conta 
h tliifl gas, it melts and absorl^ the ammoni. 
lie the temperature is diminished. 
fame$. When combined with water, is th 
iperature of the water diminished ? 
Vatnr, It is : water is capable of absorbing 
I condensing more than one third of its 
[ght of ammoniacal gas. 
:^rle». Is the specific gravity of the water 
reased by it ? 

Vutor. No, it is diminished by about a tenth 
t. Id this state it is usually called ammonia, 
the term almost always means a liquid so- 
lon of ammonia in water. When heated to 
temperature of 130^, the ammonia flies off 
he shape of gas ; when cooled down to 46^, 
*ystalUzes ; and, when suddenly cooled down 
still lower, it assumes the appearance of 
I jelly, with scarcely any smell. 
ine$» Does ammonia combine with sulphur ? 
itor. It does, in a state of vapour, and forms 
)genated sulphuret of ammonia. 
tries. How is it obtained ? 
*.or. By distilling a mixture of five parts 
-ammoniac, five parts of sulphur, and six 
ick-lime. Ammonia combines also with 
iriatic acid gas ; and the two gases form 
id salt muriate of ammonia, 
s. That is sal-ammoniac ; it is strange, 
) gases only should form such a solid. 
•• True ; but it is not the ovlV^ VweXass^R.^ 
many. Ammoniacal ^a& \SL\i\\«^ ^\^^ 
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mercury 'with carbonic acid gas, and tbe resiilt 
18 a crjstallization of carbonate of ammonia^ 
in silky fibres, or fine powder. 

CharUi. Has ammonia any effect on die 
metals ? 

Tutor* It bas on some few of them : it pos* 
tesses also the property of redocii^ metiSHc 
oxydes to the form of metals again, 

JameB* How is this accounted for ? 

Tutor. Ammonia is a compound of hydrogen 

and nitrogen, or azote : the hydrogen dnues witili 

the -oxygen of the metal, and forms water, while 

the assote escapes, in the shape of gas. \ 

. Ckarlefj What other properties belong to- 4^ 

ammoniacal gas besides the smell ? 

Tutor. It extinguishes flame, and is fidjdto 
animal life. Before the flame of a wax taper is 

Eut out by immersion in this gas it is enlarged, 
y the addition of another, of a pale yeUow 
colour, which descends from the mouth of the 
jar to the bottom ; it is easily decomposed \ij 
the electric and Galvanic sparks. 

Ammonia is produced during the decompo- 
sition of animal and vegetable substances, and 
is generated by the union of the hydrogen ^i 
a^ote contained in them. 
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CONVERSATION XXVII. 



Of the Decomposition of the Alkalies. 

rUTOR. The alkalies were considered, till 
bin these few years, as simple bodies, though 
ras suspected they would hereafter be proved 
>e compounds. 

^ames. Do you refer to all three ? 
J*utor. No : ammonia, at an early period of 
iumatic Chemistry, was ascertained to consist 
nitrogen and hydrogen ; and hence it was 
gined, that the other two, viz. potass and 
a, would be found to possess the same con- 
ation. 

Carles. Has the conjecture heen confirmed ? 
^utor. No : by the application of Galvanism 
hem it has been discovered, ths^t they consist 
aetallic bases united to oxygen. 
ames. By whom was the discovery made ? 
"utor. Sir Humphrey Davy, led by the law, 
ch he had discovered, to regulate the decom- 
itions produced by Galvanism, %\3^stw^^«.^^^ 
£xed alkalies to the actioa ot V>»a ^^n^«^--— 

16* 
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He effected their decomposition, and 
ftrated, as we have' observed, thai they ctelist 
0{ metallic bases combini^ with oxygen. ■ ^nutT^ 

Chfitrki. tlow was the expeiiment madeif Ti'ii 

Tuiar. The chief difficalty ia trabjaelag 
potaiss to electrical: action is, that, in apaorfbct- 
)y dry slate, it is a complete nonTconmeMiiilf 
electricity; bat when moistened, by inaasfy 
breathing upon it, it readily undergoes «*fii)U0Q 
and decomposition, on the application of' «triNig 
ielectrical powers.-— ^e Scientific Dtalaj^u^ 
TpL .yi. '.♦•.•:•'!: 

' Jamei. Was the alkali placed in the eledtf- 
ealcircuit? •.u-»:^i!J 

Ttoof . It was : a piece of potass of akte v 
seventy grains may be placed on an insantri 
plate of platina, and may be connected with the 
opposite end of a powerful Galvanic battery ; 
and, on establishing the connexion, the potass 
will fuse at both places where it is in contact 
with the platina. An effervescence will be sesa 
at the upper surface, arising fVom the escape ef 
the 0]5ygen gas. At the lower, or negative sur- 
face, small bubbles will appear, having a fa^ 
metallip surface, something like quicksilver. 
Some of these globules burn with an e^plosiqS) 
and bright flame ; others becon^e tarnished, mA 
are protected by a white film from farther change. 
Pure soda gives similar results. 

Ckarles. Are they obtained by the same 
means ? 
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tater intensity of action. The quantity of soxla 
ed upon should not exceed fifteen or twenty 
kins ; and the distance between the platina 
*faoes must be reduced, perhaps to the six- 
iotb part of an inch. 

James, Are the properties of the metalli<i 
istaoces obtained from the two alkalies the 
tie ? 

Tutor, Not exactly so : the metal from the 
Is does not, like that of the potass, continue 
id at the temperature of the atmosphere ; but 
peedily becomes solid, and bears a considera- 
1 resemblance to silver. When the power of 
J Galvanic, or Voltaic battery is very much in- 
cased, globules of the metal fly offwrth great 
locity through the air, in a state of vivid com- 
3tion, producing jets of fire. 
Charles, Are these metals easily preserved ? 
Tutor. To keep them from oxidation, it is 
cessary to immerse them almost instantly in 
re naphtha, a fluid that will hereafler be de- 
ibed. 

James, When an oxidation takes place is the 
!tal reduced tp the alkali again ? 
Tutor. If the globules of the metals obtained 
>m either alkali are exposed to the action of the 
over mercury, an absorption of oxygen takes 
ice, and a crust of pure alkali is formed on tlie 
rface, which defends the interior from farther 
ange. If heat be applied to the ^o\i\5\^'s» >^\V5. 
nfine^, a rapid coml3ustiori enawe^, ^\Xfc\!Ae.^ 
b a brilliant white fl^me. Tke ^o\i\i\fc'& w^ 



fonnd, ifter Ac ezpeiuieut, converted into t 
white nlHtMKe, which ■■ ifae specific alkali, itP 
corfing •> potMS or aoda baa been fonned. tf 
tUaprocewo^ienis absorbed, and the we^ft' 
oftbeilkriiproAM^ed isfi-uni) to exceed tbiftf' 



ihcjdobolet^ 

Wwn either of these iBeEallic substances it 
thrown into water a r^id di.eeQgagemcDt of li# 
dfogra fos takes ^ace : and the oxygen oTH^, 
water, iinitiDgwi& the ^^abules, brings back ^ 

The description t^ the«« tt]^ 
■ to render the Bstore ofthetwv'iC 
dies T8IT dear. ' ''*'■.';' 

TWor. No&nc can be more ■Bti;iSicttrjr Wf 
the eridencQ Aindrited bj diese taftanatSIti 
which bare been repeated a thousand tlita>;#l. 
by tbe ablest chemiBts. It ia to be obaerred, ttl^' 
by the powerful agency of tbe opposite electrici- 
ties, each alkali is resolred iato oxygen and aj)C- 
ctiliur base. This base, like other combostiiik 
bodies, is repelled by positively electrified R^ 
faces, and attracted by negative ones. Again, bf 
uniting with oxygen, these bases are convert^ 
into alkalies, either slonly, and at the ordina^ 
temperatures ; or with heat and light, if thMf 
temperatures are raised. Hence tbe evidetilee 
is complete, both by analysis and synthesis, tfa>t 
each of tbe fixed alkalies is a compound ototf- 
gen wJlh a peculiar basis. ' 

James, Are we then to range l\i« haaea of tin 
Sted alkalies among the meUU \ 
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TiUor. Yes : with these they agree in opa- 
dty, lustre, malleability, conductiDg powers of 
heat and electricity ; and in their qualities oi* 
chemical combination. 

OmtUs* You have said nothing about theis 
specific gravities. 

Tutor. In this there is a vast difference be- 
tween all the old and the newly-discovered 
nMrtaLi : they are both much lighter than water, 
i^ttoo^ the lightest of all the old metals is 
bur or five times heavier than t)iat fluid. This, 
however, ought not to put them out of that 
lanky because there is as much difference be- 
tween tellurium and platina, as there is between 
tl|e base of soda and tellurium ; so that tellurium 
may be considered as forming a kind of link be- 
tireen the old metals and the bases of the alka- 
lies. 

James, What names are given to these two 
metallic substances ? 

TWot. Sir Humphrey Davy named the base 
of^tass, POTASSIUM ; and that of soda he callod 
'^^'^^lUM ; and these names have obtained a uni- 
^^sal acceptation. 

j^^OioWtf*. Is there any other means of obtain- 
tifaese metals besides by large Galvanic bat- 
9 

Vutor, Yes, merely bj' the intervention of 

chemical affinities. This method, which af- 

ds larger quantities of metal, though not ot' 

tc flo pure a nature, consists *\n Wyyv^vcv^^^" 

iiL^s into contact with intcnscVv Yvce^e^ vv-^"^^ 
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m of potassium on water is attended 
lowing circumstances :— >- 
3ught into contact with water it de- 
le water with great violence : an 
18 explosion is produced, with vehe- 
; and a solution of pure potass is the 
e hydrogen gas, which is disengaged,- 
Aissolve a portion of potassium ; for, 
into the air, it forms a white ring 
radually enlarging as it ascends, like 
iretted hydrogen gas. Each grain of 
staches more than a cubic inch of hy- 

ile of potassium be placed on ice, it 
rns with a bright flame ; and a deep 
le in the ice, filled with the fluid, 
ind to be a solution of potass, 
uction of alkali, by the action of wa- 
sium, is well exhibited by dropping a 
the metal upon moistened paper, 
)een tinged with turmeric. At the 
Q the globule comes into contact with 
t burns, and moves rapidly as if it 
ited and in search of moisture, leav- 
it a deep reddish brown trace, and 
I the paper exactly like dry caustic 

roWn into the liquid mineral acids the 
£S inflames, and burns on the surface, 
atic ^cid gas it burns vividly with 
nations, and muriate o? Y^\»ft'*'v^ ^\^^. 



Polaisiiim readilj' < 

imbiji^libles. With 

;ry curious resalti. Tbe ca 

id it is effected bj merely Ii 

mUct at the tempentiire of the i 

be amalgam, wbich consict! of ^ 

irti of mercury and one of petwiiaM.'^ 

id malleable ; but, by tncrea<iof tbe jnft 

' potassium, the wild itj and bntt)eaen«( 

impound are increafted. 

Potassium redoces all the i 
hcD heated with them ; and. Id 
i* property, it decomposes and c 
itass is generated with the oxr^n t 
le metal, which diasolves the glass- 

Potass consists of about eighty -six parts offl 
etallic base and fonrteen of ox}~geD : -" 
ITerent chemists have given diSere&t { " 



1, When ■■ 
,, it imi 



e forth 
h effect. 



Jnmr.i. The properties, which jon haveJ^f 
:ribcd as belonging to potassiam, are vei^ c* 
oiM ; does sodium possess similar qualitiM 

'Vutor. Sodium agrees, in many of its pryI>«^ t 
i;h, with the potassium, and exerts on sevei* I - , 

ulies a precisely similar action, exceptii^tW llw" '" 
le re-ultM are compounds of soda instead of pot- l'»=*°'^^ 
IS. Tht difference, that subsists betweentks l»e, a 
vo, may 1j(; tlius briefly described : — IsiQe ^' 

1. .Sodium, at the common lemperatore, e»- 1 ^- . 
tuina Hiilid fi)rm. it has the geueral 8ppe■^ I 
iiU! of silver, and is exceedingly malleable I 
fit'ii jiri'sucd by a platina bVaie., ■w\)lx »««»* I 
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i, it spreads into thin leaves ; several glo 
B may, by strong pressure, be forced into 
\ «o that the property of welding, which 
Dgi to iron, at a very strong heat only, is 
eised by this substance at common tem- 
tkures. 

It is specifically lighter than water, in the 
lortion of about 93 to 100. It is much less 
»le than potassium. 

When sodium is exposed to the atmos- 
*e, it immediately tarnishes ; and, by de- 
8', becomes covered with a white crust oi 
• 

It combines with oxygen slowly, and with- 

any luminous appearance, at all common 

eratures. When heated, the combination 

nes rapid, but still without light. When 

\ to a red heat, it produces flame, and 

forth bright sparks, exhibiting a beauti- 

3Ct. 

Vhen thrown into water, it produces a vi- 

fCervescence and a loud hissing noise ; it 

es with the oxygen of the water to form 

and hydrogen gas is evolved. When 

into hot water it produces a violent effer- 

3, and a loud hissing noise ; and, in this 

ew scintillations are generally observed 

rface of the fluid. 

ium is susceptible of different degree? 
on : it unites with oxygen to form soda 
>portion of about seventy -ae.\eYv ^\ \s\^ 
to twenty-three of oxyeeT>- 
17 






194 



CHBMISTmT. 



CharUi. Since tlie tiro fixed 
foand to cmisist of a oietallic bMe mat ct^nfit 
is it edndtted that the Tolatile aUnli ii.e'^* 
pound of nitrogen and hydrogen ? ~ - rt9i<f 

TVtor. No : it is now pretty 
mittedy that it contains oxygen, asirdl 
dfogen and nitrogen ; and some 
Sir Humphrey Davy go to safest, at lenrtji' 
ammonia msy, like the fixed altaJica, %a-<i 
oxyde of a pecaliar metal, or of some coap^lri- 
containing the elements of a metal. 

JanuM. Can the oxygen be obtained 'Snm 
ammonia? c-^ 

Tutor. It never has as yet; and therdQ«t>|' 
is assumed, that, since hydrogen and vitti^ 
alone itre obtained by the electrical amdjifai «f 
ammonia, the metal in question is either a cooh 
pound of those two bases, or a component part 
of one of them. Should this fact be herenter 
established, we shall ha^e a metal, or metdiic 
oxyde, whose natural state is that of an aeri- 
form fluid. 

Charles. V do not understand how this can 
be. 

Tutor, Whenever mercury, after combinati0B 
with another substance, retains, in a great mea- 
sure, its characteristic properties, and forms la 
amalgam, it is inferred, that the change has 
been produced by its union with a metol ; iar 
metals only are capable of amalgamating with 
quicksilver. Now, when mfttcwrj negatirdy 
^/ectriljod in the Voltaic c\rc\iVl\^ ^W.^\\it5»^ 






Qie Eolution 

re times its usual dimene 

i like butter. By this combinaiioii thi 

);ains an additioa of oaly the y^^-^^ 

) weight ; but its epecitic gravity i^ 

;reascd, that, from being thirteen ( 

ames heavier than water, it becomes | 

e times heaTier. Its colour, li 

md conductiog powers remain i 

Can the ammoDia be reproduced ? 
When this amalgam is exposed to the 
tB DxygeQ is absorbed, 
I and the quicksilver recovers its me- 

simihir effect produced if 
) water ? 

IVhen thrown into water, ammonia is 
, quickjjilver separated, and hydro- 
Ut the same time evolved. Hence, 
■ttOD of the amalgam, mercury com- 
mie or more of the elements of am- 
Itherefore, there is reason to be- 
e of the constituents of 

, that the base i^ of 

Ipition, that the unknown 

vitb mercury, is of 

mphrey Dav^ ^^0^0*^% 
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We may farther observe, tliat, when fo^ 
sium is melted id ammoniacal gas, it is ehug^ 
into an olive green fusible substance; tbeiB- 
monia almost entirely disappears, and it is re- 
placed by a volume of hydnigen equal to tkft 
which the same quantity of potassium wooU 
have d'lsengaged from the watel^. When Ail 
olive coloured substance is gradually heated is 
contact with hydrogen gas» it enters into ebri- 
lition, gas is disen^iged, and the mercniy de- 
scends in the tube. When brought, into c^wtsct 
with water in close vessels great heat is excited, 
and the products are potass and ammoniacal p^ 
SimikrrensultB occur when sodium is heated ii 
ammoniacal gas. 

Though these and other fitcts described hf 
our best chemists can not be easily exphdaeOf 
except on the supposition that nitrogen is as 
oxyde, yet the facts are not yet so clear as to 
be admitted without hesitation and doubt. 
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ke Earths : OfBarytes, Strontian^ Lime, 

TOR. We are now to treat of the earths. 
les. Do you refer to the different kinds of 
on which vegetables grow ? 
or. Yes : these have been analyzed, and 
»een found to consist of a small number of 
, which have a variety of common proper- 

rles. What are those properties ? 

ir. They are nearly insoluble in water : 

lave very little taste : they are incombus- 

and not five times heavier than water. 

\e8. How many earths are there ? 

>r. There are nine, viz. 

jytes. 4. Magnesia. 7. Glucina. 

roDtian. 5. Alumina. 8. Zirconia. 

me. 6. Yttria. 9. Silica. 

)f these will require a particular descri^- 

"les. WhatisBAKYTRsl 

17* 
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Ttclor. The word itself is of Greek 
denotes sometliing heavy \ hence die niofBOi^ 
from which it is obtained was fom^erly. cdtf 
ponderous.spar. .--"v 

/(Btmet. k not harytes foond. pure ? ..-i.A. 

TyAor, No : it is always found united 'widiAi 
sulphuric or carbonic acids, and in these stalal» 
is called either the sulphate of barytss or^lh> 
carbonate of barytes* - . • im: 

Charles. How is the barytes obtain^ in «Mb 
of purity? . r-'iy: 

T\Uor, If you have the sulphate to work ^^ 
must be reduced to powder, and mixed withobs^ 
coal .powdeT» and kept some hours red hot id i 
crucible, which will convert it into a sulphKlt 
of barytes. 

James, Does the acid combine with carbofi 
during the application of the heat ? 

Tutor, It does ; and what remains is a ccMft* 
pound of sulphur and barytes. The sulphuretii 
now to be dissolved in water, and nitric add 
poured into the solution : the acid combines with 
the water, and the sulphur is precipitated. 

Charles. The solution is now nitric acid and 
barytes. 

Tutor, This is to be 61tered, and evaporated 
till it crystallizes. 

.lames. Are not the crystals nitrate of barytes? 

Tutor. They are ; but the nitric acid is easily 
driven off by heat, and the barytes remains pure. 

Charles, How jihould yow ^loc^ed, if you had 
^he carhonnte of biirvtes lual^^ ol ^>^^ ^viN^Ns^^'^* 
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Tutor. I should dissolve the carhonate in weak 
trie acid, and therieby expel the carbonic acid ; 
course, the remainder will be a nitrate of ba- 
tes, with which 1 should proceed as before. 
James, By what properties is barjtes distin- 
lished ? 

Tutor. It is about four times heavier than 
ater : it is of a grayish white ' colour : it has a 
irsh caustic taste : and is a most^violent poison. 

tinges vegetable 1)lues green; and, like the 
ced alkalies, it decomposes animal bodies. 

Charles. Does it attract the moisture from 
leair? 

Tutor. It does ; and, like quick-lime, when 
mnkled with water, it falls into a white pow- 
er. 

James. Is heat given out on the occasion ? 

TSitor. Yes : and when water is poured on 
nre barytes it is slacked like lime, but more 
midly, giving out a greater quantity of heat, 
fter it is thus slacked it attracts the carbonic 
cid from the atmosphere, and loses its acrid pro- 
erties. 

Oiarles. Then it is necessary to keep it in close 
essels. 

Tutor. True. Barytes, completely diluted 
ith water, will, on cooling, crystallize, and as- 
ime the appearance of a stone composed of nee- 
le form crystals : these, when exposed to the 
ir, attract the carbonic acid and fall into i^orwte^- 

James. Will water dissolve WrjVea^K 

T«^r. About the twentieth part Qi*\\.^Nqev^ 



SOD cBBwarmT. 

the tolotioii is liomd and colovleaft, aavlr^.- 
cooreit regeteble mnes to greeii. Whei|: f^t, 
posed to the air, its sar&ce is sood coreredindi 
a stonj crust, coDsisting of barjtes and cvlfOiic 
acid. . . 

Baiytes combines with pbosphoms as weD^i) 
with solphur, making with it the phospboriet .oi, 
banrtes. 

Obarlef • Has it any action upon the me^lstl .^ 

T\Uor. No : bat it is capable of coml^qpi:, 
with several of the metallic oxydes. 

Experiment 1. In this glass of distilled wator, 
rendered slightly bine by the tincture of calh 
bage, I drop a few grains of barytes. . . . .r 

Jomcf . The blue is changed to green. •; 

Tutor. Ex. 2. Water tinged red with Bra#»vi 
wood will, by the addition of a small qaaptitf o( 
barytes, be changed to a violet colour. 

Ex. 3. In this phial is half an ounce of sallad 
oil ; 1 will pour upon it an ounce and a half of 
concentrated solution of barytes, and then shake 
them together. 

Charles, You have made a kind of soap : ia 
' this respect it is like the alkalies. 

Tutor. It is. Ex. 4. Glass may be made, 
with a few grains of silex and double the quantity 
of barytes, provided it be urged with heat b^ 
means of the blow-pipe ; in this respect also it 
resembles the alkalies. 

James, What do you mean by a blow-pipe? 

Tutor. Here are two, Figs. 21 and 22. Th|5y 
-^re used for directing the flame of a candle or. 
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ny substance that requires to be acted 

1 great heat. 

r. What is the bulb in th'fe middle for? 

It is intended to contain the moisture 
Y the breath. The other was invented 
(lack ; it is of a conical shape, and is 
renient for the purpose. 

In this glass of water is dissolved a 
y of sulphate of soda : I will add a few 

a solution of barjtes ; white clouds 
nmediately formed. 

How is this accounted for ? 

Barytes has a stronger affinity for sul- 
:id than any other body, forming with 

instance, a sulphate of barytes, which 
f the most insoluble substances : and 
unites with the water. This property 
IS renders it an excellent test for de- 
le presence of any quantity, however 
sulphuric acid. 

Are the earths simple substances ? 

They were supposed to be so till the 
ig experiments of Sir Humphrey Davy 
kalies ; and the results of these led him 
: chemists to conjecture, that the earths 
Isted of an alkaline base and oxygen. 
?. Did the same kind of experiments 
in decomposing them ? 

No V it was found, that simple expo- 
;he opposite electricities was not ade- 
the separation of the principles which 
the earths. Sir Humphrey Da.\^> 



sot cliEiusTaii. • .■ 

therefore, eleetrified the eiorths ui<:oBiliKStijMlh 
the ozjdtM of known metals, with the espi^ 
iioB, that the iietallk haae of the eartktMfU 
unite with the metal contained in Hie fogrili 
which he employed, and form an alloy. ^.y i y' 

Jmmes. Did thia answer with-r^ml iOoW 
rytes! - ujdJi 

Tvitn-. Tes: a mixture of harjtie^ jn4 ^1 
exyde of mercnnr yielded an alloy of mNnHKy 
with the metidlac haae of the harytea. . < u t 

CKarUi. Is it known in what propaitMia-tll 
base is to the osrjrgen ? .n lupc 

. TiUar. The proportion ci the oxygta^«4 
metal has not been accurately ascertiwieAiil 
any of the earths ; bat the evidence, fromMK 
lysis of their composition, is perfectly -saliiftiN 
tory, the inflammable base appearing anifori^f 
at the negative surface in the Voltaic ciroiri^ 
and the oxygen at the positive surface. 

James. What is the metallic base of bai]ftct 
denominated ? 

Tutor, It is named barium ; and it is fO^ 
posej to be four or five times heavier tbfli 
water, and to consist of about ninety parts d 
metal and ten of oxygen. 

The next earth in order is strontuji, M 
named from the mine in Argyleshire, where J( 
was first discovered. 

James. Is this earth found in a state of puritjf 
or combined with other matters ? 
Tutor. It i« found \ii \w:'\ovv& ^arts of -to 
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world, and always combined with carbonic or 
ralphoric acid. 

Ckarlti. Then the mineral is either a carbo- 
QUte or a snlphate of strontian. 

TSUor. Certainly. To obtain the earth, we 
htte odIv to expel the acid, by means some- 
what similar to those described for the obtain- 
ing the barjtes. 
James, By what properties is it known ? 
» Tvtor, The mass is porous and a grayish 

\ white colour ; its taste is acrid and alkaline, 
f ind it converts vegetable blues to green. It 
\m not much action on animal bodies ; nor is it 
{oiflonous. 

'^-i'iSiarUt. Is it capable of being slacked, and 
if giving out heat like the barytes ? 
' TiUor, It is : but it is not so soluble in water. 

[The solution, called strontian water, is clear 
Vid transparent, and converts vegetable blues 
^ green. 

James. Does it combine with sulphur and 
^^[^MMphorus ? 

^ Tutor. It does ; and the compounds are the 
talphuret and the phosphoret of strontian. It 
^^^bines also with some of the metallic oxydes ; 
has no action upon metals. It has the 
perty of tinging the flame of a candle of a 
lu tiful red, or purple colour. 
^Charles, How is that shown ? 

utor. By putting a little of the nitrate of 

mtian into the wick of a lighted candle, the 

je will exhibit a lively purple. Or put some. 
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a burning acrid tasle, and will destroy a 
subetances. It tinges vegetable blues green, 
and then converts them to yellow. It is inca- 
pable of being fused. 

Experiment 1. Though lime is perfectly infu- 
Bible, yet, if heated with silex, which ia also ' 
fusible by itself, they will melt. 

Ex. S. Three parts oflime and one of alumina 
will also melt with facihty. 

Ex. 3. One part of hme, one part of alumina, 
and two of silex will be readily fused. 

Jamei. By throwing water upon lime, it swells 
nnd falls to powder, giving out, at the same time, 
a considerable quantity of heat. 

Ckarlfs. lit the beat .sufficient to inflame com- 
bustible substances ! 

Tutor, ft is : and in this manner vessels load- 
fith lime, and wagous aUo have sometimas 
n burnt. 
[ James. How is the heat accounted for : the 
s cold and so is the water ? 

. Slacked lime is heavier than it was pre- 
jsly to the operation ; the additional weight 
Icaused by tbe combination of part of the water 
■th the lime, which thus becomes solid, and of 
Irse, in the act of becoming solid, itparta with 
T^caloric that kept it in a state of fluidity. 

. Will this account fur the great degree 
|(?-dt that is sensible on the occasion ? 

. It certainly gives out more caloric thaxk. 
rvolved by (he mere conversion oi M^\,ft.\\x&a. 
1 £ftwo parts of }im« iind one oi vi^^^i^ "" 



J0m$* Whit 
ceivedi daring tbe 
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thit it dear, b«caMe T^galwe U 




tlie fiqpour are 

Oarfef . Is the iHfcifMft wldkk Aen^iii^' 
tiremlivie aad dM cUk« froMwIkih him iwlli 
whoUy ovii^ to tlw low of llie chInmm aciig^ 

7V^. liimiTi iriinn yrnr, in of m ilfrilirtip 
tore ; tht ctriNMUC and neiitnlisa it» ao^Ait 
chalk poaioiea scarcclf anj of die ptoiiaitiil 
by which Hnie ii ^atiiigairiied. Chalk»anliiBi 
&Cm are tatteloM, wi&nit nadl, hare noacte 
on aniiMl bodies^ and are acarcely aoMila io 
water. 

Jameu I know lime will dissolve in water, be- 
cause I have seen lime-water nuide and used on 
various occasions. 

Tutor. An ounce of lime-water contains but a 
single grain of lime : nevertheless it has an acrid 
and unpleasant taste, and changes vegetable 
bluei to nreen. This water, exposed to the air, 
exhibits in a very short time the carbonate of 
lime OR its surface by the thick pellicle that is 
formed on it. 

Charles, How is that accounted^ for ? 

Tutor. Lime has a great attraction for the car- 

^ic 0cJd, of which Uiere is aVw«^% ?L^rtion in 

^e Mtmotpbere ; the lime mtYievf«x«sc«^^«5. 
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^ the acid of the air, and forms a sort of strong 
^t ; when thiis is broken, it falls to the bot« 
^ and another succeeds ; and in this manner 
whole of the lime may be speedily precipi* 

^mmes. Mortar for building is made of lime 
sand ; does it become hard by absorbing the 
bonic acid from the air ? 
(Won The goodness of mortar depends 
sfly on the preparation of the lime, from 
ich the carbonic acid should be completely 
lelled ; and it is supposed to owe its stony 
perties. partly to the absorption of the car- 
lo acid, and partly to the combination of part 
he water, used in slacking it, with the lime. 
lutrles. Is there a kind of crystallization that 
es place ? 

^utor. There is ; and the sand, if it be good 
, free from extraneous matter, favours the 
stallization ; in the same way as small stidks 
:hreads assist the crystallization in saline and 
:harine solutions. 

^ames. Do phosphorus and sulphur combine 
blime? 

%tor. They do ; and thuslve have the phos- 
»retandthe sulpburet of lime. 
Carles, To what other purposes, besides that 
naking mortar, is lime applied ? 
^utor. It is used as a manure in agriculture ; 
he business of tanning to take off the h»\v 
ti the skins ; and in reining sws^^t. 
ames. How does lime act upon VS^e Vu^"^- 



Taimr. By liMtriwg the woUaiim^wM 
~ fggie tob i e . Milfrffi with whidi it ■wyaeeti 
fey iiK9«rtii« to Ae Mil m poncr «rMiig 
mptker qumtitf of soiitore Aam il whU 

W^MMlit 

CkmrUi. C«i to wrid a idMawe w line be 
used in iilring ssgnr ? 

mor. The SQgv iihoilediii Kt wiitrf 
deprire it of part of Ae add, which is Ibaad in 
all lacc harin e fahttaacet. 

/aaici. Does Ae add coBbiDe with die £■•! 

TfOar. It does: and then the iopor caalf 
crjitdliset. Lime is, at we have seen, qmI it 
soap-ankiag; itit mixed wiA the alkali to- tii» 
awqr the earhonic add thatmayhe mixed wilh 
it ! the alkali it Ant made more caottic, and fit- 
ter for Ac purpose of converting Ae fat into 
toap. 

CharUf. Has lime been decomposed ? 

Tutor, It has ; and Ae metallic base is named 
Calcium, which has Ae colour and lustre of sil- 
ver ; but the instant it is brought into contact 
with air it takes fire, and burns wiA an intetee 
white light and flame. 
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lesiay Alumina^ Ytiria, Glucina^ and Silcj;. 



OR. Pure magnesia is destitute of taste 
11 : it converts vegetable blues to green ; 
Dut no heat, like lime, by the effusion of 
and water will not dissolve more than the 
jsandth part of its weight. 
?5. Is it ever found in tnis pure state ? 
. No ; it is obtained from a salt that ex- 
3awater, and which is composed of this 
id sulphuric acid. It is also found in ma* 
gs, particularly in some at and near £p- 
id, on this account, the salt was long de- 
ed Epsom salt, but now it is called sul- 
' magnesia. 

:. How is the magnesia separated from 
huric acid ? 

. The salt is dissolved in water, and 
weight of potass added. The pure mag- 
immediately precipitated^ becmuae, tS^& 
c acid has a stronger ai&avl^ lot ^oVaa'^ 
mogaesia. 

18* 
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CSlaritf. b die rwnlt pare magnesia. uiM' 
phateof potawT • 

Tutor. It is ; the magnesia is preci| 
hut the tolphate of potass mucins in m 
the sulphate of magnesia, or Epsom sail 
shops, is generally procured from the moihtr 
ten, which remain after th<; separation ofi 
mon salt from seawaler. 

Jamei. What do yon mean by mother wateF(] 

Tuior. The liquor whlcli is left after t)i*. 
crystallizEition of salts. Thne when the coioinw'i 
ealt ia a^iMrated from seawator, sulphate of ins 
it added taths remainder of the Wilier: tbenft 
phario add lesres the iron to unite mtb tfas 
magnesia, and the mnriatlc aci<), that was left, 
combines with the iron. The products there- 
fore are lalphate of msgneaia and muriate of im. 

Charlea. Is magnesia much used ? 

Tvtor, It is principally employed in meJi- 
cioe, both as a purgative, aoi) as an absorhent M 
correct acidities. 

Jama. Is it the pure maE;EiGsia that is psed 
in medicioe T 

Tittor. To correct aeiditip.'i, (he pure or r:Ar 
cined magnesia ought to be employpd ; but, kf 
an aperient, it should be the carbonate or miU 
magnesia. 

Charlta. Is not mE^esia Uable to be adulte- 
rated? 

Tutor. Yes; and chalk is the substance asoat- 
ty employed /or the purpose ■- Bn\^\viw\G»wdwiB 
fietect the irautl, becauae, m\ii ctaSt, W taoii 



D BD insoluble salt ; whereas, with miii;- 
I, £p§om salt is formed, which t:^ ea^ilj' di-t- 

Bd. 

itnes. How shall 1 try whether this is adnl- 
led? 

utor. Take a little of it, and add some sul- 
:ic acid, diluted with eight times its weiglit 
'ater : if the nii^nesin is taken up, and the 
lion remoins transparent, itis certainly pure, 
lOt otherwise. 

karlea. There is a considerable sediment. 
utor. Thai shows the magnesia contained 
k, which the sulphuric acid will not take up. 
lines. Has magnesia likewise been decom- 
posed ? 

'vtor. It has ; but the base, called Magne- 
r, is but imperfectly known. It sinks rapidly 
fater, though surrounded by gas, and pro- 
Bsmagne.na. in the air it is quickly changed, 
Lg covered with a white crust, which, falLng 

powder, proves to be magnesia : it is sup- 
;d to consist of sixty parts of metallic ba.ie, 

forty of oKygen- The bases of the other 

hs are not sufficiently known to give any 

g like a description of them. There seem?, 

'ever, no room to doubt, that they all consist 

letallic bases and oxygen. 

iLVHiKA is the next earth in order ; and it is 

.ailed, because it is obtained in the greatest 

ity from alum, a substance well kiioviti w';a\n- 

ve and the arts. 

imes. 0/"H'Jja( is aiunicomv'^=.«'\^ 
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we are now to describe ; of cottne» 
nominated the solj^wte of 
alirajf containa a BBixtofe of 
was fbnneiiT called argil. 

Chark$. now is ahnnina olilBiMd in ii- 
of poritj t ■ . . w 

TtOar. The ahui is dissohred in walatk 
to the sohitioo, ammoDia is added, aa 
any precipitate is formed. This 
washed and dried; is alomina, cemhiaed' 
small portion of snlphoric add.7 The 
moriatic iK:ids are niade use of, to free tto 
mina from the solphoric acid. * - '^'\* 

Jame$. What are the chief propertiea oMii 
earth t . -^ ' 

noar. It is destitute of taste and flatdl0b 
does not affect blue r^etable colours ; it is/db* 
solved by the fixed liquid alkalies^ and is pie- 
cipitated by acids unchanged : by fusion it amf 
be united with the fixed alkalies, and with moat 
of the earths ; and, when moistened with water, 
it ^orms a cohesiye mass, capable of being mould- 
ed into a regular form. 

CharUi. That is lil(e clay, with which eartheo- 
ware is made. 

Tutor, Clay is a mixture of alumina and silex, 
and with these the finest earthen-ware, as well 
as common pottery, is made. 

Jame$^ is the beautiful Wedgewood ware 
made of the same subatancea aa coiaasAn ^ob 
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It J9 : the only difference is in the 
ortions and io tbe working of the materiuls. 
the better kind of articles, the alumina is 
20 up in water, till the line parta are sna- 
led in the fluid, tvhich is then passed through 
l^r even lawn aieres : it is then mixed 
B.Bimilar liquid, formed of Diots ground 
Efiae powder. The mixture is now dried 
mia, and, aiter it is reduced to a proper 
istence by being beaten up with water, it 
mes fit for the niitnufacture of plates, cups, 
ers, dishes, Sac. 

lines. How 19 the fine smooth surface put 
I these articles 1 

utor. When they have been exposed to heat 
rtain time, they are then glazed. Common 
3ry is glazed with the oxyde of lead ; what 
lied stone-ware is glazed by throwing salt 
the oven during the baking of the articles. 
yellow, or queen's-ware, is glazed with a 
position of white lead, flint, and flint glass. 
larles. How are the different colours given t 
uloT. By the metallic oxydes ; each of which, 
know, aiTurds a different colour. The oxyde 
)ld is employed for the purple : red is given 
he oxyde of iron ; yellow by the oxyde of 
ir ; green by copper ; and blue by cobalt. 
uiua. Is alumina employed for other pnr- 

'■tor. Yes; it has a strong attraction Cos 

■ring matter, and is theretove w'sei'o'S *\^ 

~ jrjiilcr and Jinr as a moTdoiil ; ftwA^*-'^ 
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Ae doth to bo dM or ffbtmkr) VVrjl 





F«llor*s eaifli k k 
giltf, wd tho dioifrr Ait 
iubftucos rondon ttb ori 
portooco in Mourinf. , dolli 
tpoto of mate from tto.iiMir 
■iMicoo. Udou Oo wMo ik wgp be 
dMd ooDO or the oorths aro of 
to.flMnkmd thui tUt. • n :. '>! 

Aloauno hat onothor tuiiiMii yMiiqiiMB 
balk ia diaunished in propoition ta tfoM 
wUch il ia enoKd. - -'^ 

Oorfct* I flioi^ aD hodioft laoKO iMM 
in aM^gnitodo by iMat '^ 

Iktor. Thia aoema to bo an cscoptiairft 
gonoral rule ; and upon this principle. 
Wedgewood's thermometer or pjrooMteris 
structed for measuring great degrees of hei 

The next earth to be noticed is tt 
found, at present, only in Sweden : it has, 
pure, the appearance of fine white pot 
and has neither taste nor smell : it has n 
tion on the vegetable blues. 

James, With what is it found in a st; 
combination ? 

Tutor, With oxyde of iron and silica 
mineral from which it is obtained is calle< 
dolinite, from Professor Gadolin, who disco^ 
it. Its specific gravity is nearly five timei 

**e Scientific Dialogtte»>vo\.W.C«w«.xk 



r, which is almost equal to that of some 
netals, and it han been thought to be a 
: oxyde ; but it is generally considered 
lubsbince which cooDects the earths with 
tals. It may be fused with borax, ami 
forms n kind of glnss. 
lea. What is otuctNA ? 
r. It is obtained from the beryl or eme- 
■ transparent stone, of a green colour, 
crystallized in the mountains of Siberia. 
1^ gtacina is derived from the Greek. 
1^ sweet, becanse it gives a saccharine 
all the acids with which it combines. 
iei. What are the properties of this earth? 
r. It is a soft while powder, very light. 
thout taste or smell ; it has the property 
ering to the tongue. It has no action on 
>le colours, and is infusible by heat. 
tes. What is zinro:^M ? 
r. It is obtained I'rom a precious stone, 
jargon, or zirCon, fonnd in the island of 
, from which it derives its name. It is 
dso in the hyacinth. (a) 
M. What are the properties of this earth ? 
f. It has the form of line white powder, 
Hn taste or smell. It is soluble in acids, 
fin liquid alkalies. It does not rombine 
lem in fusion. Being exposed to a strong 
ireon fuses, assumes a light gray colour, 
zh a degree of hardness, on cooIto^, ** Vn 
are with steel, and to scralrVi f^w*a. 
El, or siliceous eailh, i^^ oA>W\n*4 ?«<««■ 
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nnrtz, flint, rock, r.i^sla], aod dud;- other sto 
>uri<l it) almost ever; pari of the world. 

Oiarlei. Do flints and such hard sh' 
ontain ao earth 7 

TatDT. They do ; and it is obtaineil 
ig in a crucible ooe part of pounded i 
iree of pot;i<js, and then applying a I 
cient to melt the mixture- Th« mass 
) be dissolved in water, the potass to be 
ated witb muriatic acid ; when the 
I evaporated, a while powder is lei 
rhich, when washed and dried, is siUc 
lute of purity. 

JniMt. What are the properties of this 

Tvtnr. It is a fine white powder, taa 
nd without emell ; its particles hare » 
3el, at* if they coosiBted of minute 
and. it is not acted upon by any of m 
xcept the fluoric : it is soluble in II 
IkaUei*, and when melted with them 
liisn. It combines also with many of 
allic Dxydes, and with them makes 
olourcd enamels. 

Charten. Can you describe the sevtum «■ ■ , 

:redient3 of which the different kinds of gta" I*'"""!' 
o-e made ? ■ 1"^'' "■ ' 

Tutor. Flint glnss, that of which decaoleH 1***^^^*, 
ind sucli sort of vessels are made, is formei*' 1*^^ ^^i 
iOda, pounded flinls, and oxyde of lead. This 1 ^ 
■8 the most dense, transparent, and beaatif<il ^'■ 
fasn, iinii from it* beaiHy, A w »it\en cdki 
yulal. 

) 
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• In what does that differ from crown 
)W glass ? 

. This is composed of soda and fine 

y, without any mixture of lead. Bottle 

composed of kelp and common sand ; 

in colour is owing to the presence of 

. Could I make glass of silica and al^ 

Yes : take one part of pure white 

L three parts of potass, mix them together 

iste, and fuse them in a crucihle, and the 

glass. 

;». What are the properties of good 

. It should be perfectly transparent and 
'd. Its specific gravity varies, in proportion 
lantity of metallic oxyde that it contains* 
did it is brittle, but at a red heat it is on^ 
nost ductile bodies known, and may be 
ito threads so fine as scarcely to be visi'' 
le naked eye. 

is, as you must perceive, a y^ry import* 
h. It is the pcincipal ingredient of thbse 
hich seem to constitute the basis of this 
it is an essential part of good mortar, and 
i into the composition of all kinds of stone 
d glass. 

1^ thus gone over the alkalies and earths^ 
[>e worth while to recapitulate some o€ 
t interesting particulars, C%Xk ^o^Vs^ 
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AM wl«ft«re the «Mcatiil fmfMHix^iM^i 
kaJiet ! " .^ "«.*' 

Cboffitf. Thej may be roktiliaed : 
Boiable in akohol :- and ^e con^ajod^ 
ttev form with caAoDic acid luid the oi 
loble in water. -^ / 

TiOor. What are the chief propertiei 
earths} 

Jamei. Thej are fixed ;(a) insoluble in alcoMi 
and die eoDlpoiinds, which they make with fl^^ 
bonic add and the oib^ are insoluble in viiff* 

ChcnrUs, Do not some of. the earths tfii* 
with the alkalies in their taste, acridity^ sdnwifr 
ty in water^ and fai their effect on v^geldib 
colours^? 

TSUar. '^They do : these are banrtes, strootef 
and lime, as we have seen, and mey are dilM 
alkaline earths : by some chemists they bsf€ 
been ranked as alkalies. 

Jamni, Are alumina, yttria, glacina, zircooiS) 
and silica more properly earths ? 

Tutor. They are, being tasteless, insolabte 
in water, and having no effect on vegetable 
colours. 

Charles, What is become of magnesia in this 
arrangement ? 

Tutor, That, says Dr. Thomson, is the ^ 

that unites the alkaline earths and earths proper 

together. Like the former, it tinges vegetable 

blues green ; and, like the earths proper, it ^ 

tfisteless and insoluble in walet. 



\ 
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James* What properties are common to the 
alkalies and earths ? 

Tyior, They all combine with acids, except 
•ilica : they arejncombustible, and incapable of 
Combining wilh oxygen : they do. not combine 
with metals, but have an aflinity for several of 
the metallic oxydes« 
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TUTOR. Do yon know how acids 
'tioguUhcd? 

Charles. They are, I believe, liquids 
cite the eensation of sour on the (ongu 
is vinegar. 

I'lttor. It ia not necessary that acid 
be in a liquid stale, though they iire geD< 
that form ; they are solid, Uquid, or in t 
of gas. 

Jamts. I remember one of them is 
bonic acid gas ; but what acid is there ii 
uUttt 

Tutor. There are several : such as t 
phoric acid, which exists in the form of t 
and the benzoic acid in fine beautiful flaf 

Ouirles. Is the taste of the campho 
tour ? 

Tutor. Rather a bitterish sour. 

JaVKt- Ofwhat is it composed ? 

Tutor, li is a combination of camp 



Charleu I recollect you told us before, that| 
%ygea was the principle of acidity. 

Tutor. Almost all the acids consisi of a cer- 1 
itn base onited to oxygen, wbich is therefore! 
onsidered as the cause of acidity ; tbus sulphur T 
omliinett wit b oxygen gives snlpburic acid. 

James. Does oxygen itself possess acid pro- 
eities ? 

Tutor. It Is not an acid, but the acidifiable 
riiiciple ; that is, by conibining with certain sub- 
ances it produces acids. 

Charles. You said alinost all the acids ; what 
Kceptions are there to the general rule ? 

Tvtor. Sulphuretted hydrogen gas, which h 
combination of sulphur and hydrogen, without 
ly oxygen, has nevertheless all the properties 
Q acid. There may be many other eicep- 

Does the combination of osygei* with 
Isub-itances produce acids as the results ? 

No : oxygen combined with hydrogen 
ou have seen, give water; and, when 
Ited to Ihe metallic bodies, the results are 
llos.CrO 

Is sulphuric acid sour, like strong 

It would not be safe to taste it unless 
Ire very mucb diluted with water ; and theu 
>e a sour seusution to the tongue. 
1 believe there are other methods, 
t that of the taste, to dia\iii^\iwV -.ai ■wOv^ 
pier subslancea. 

19* 



•*, 



ttUe cekan to red. . "i"'' 

Jamu. What regiiM^ cofeois ue wMH 
iUiparjpoieT 

TSOor. The syraps of iriolets, or of indkhW^/ 
are vtoiy proper fertbe^parpoBe> aiid'onauLM.^ 
of their propertioB, they arft called 4utM. Tl^j 
tore of btmiis is peihqps the beat oiiSk dAmft 
leati.(a) 

Ooffat. What ii Om tiactare ? 

TSOer. It ifi ibmi»9 of a*flort of mom^ cdM |i 
wtda/L whidi growi amons the rocks, aii4 kii^ p 
most (^otiliil pnr^. ' fi' 

Jamn. Whyare1iieM8iilMta|nices^i^led4|iM 

Ttaor. Because, bj th^r means, wo £sc«lliw 
whether other sabstances are acids 6r aUoffin. 
The acids change the hlitet to rtd ; but the sDes- 
lies change them to green. 

Another property oi acids is, that they unite 
readily with water ; and a third, that they com* 
bine with alkalies. 

Charles. Is not the saline draught, which I 
have sometimes taken, an instance of the combi- 
nation of the acid with an alkali ? 

Tutor. It is ; the lemon juice is the acid , and 
the salt of tartar the alkali ; by mixing them toge- 
ther in proper proportions, both the acid and al* 
kaline properties are lost. 

James. Acids then are known by their chan^ 
ing vegetable blues into red ; by their union witb 
ff^Mter ; and by their combining with alkalies. 



K. They combine also with moal of the me- 
ides and the earths, and the compounds are 
idts. 
fcs. Are these what are called ntulra^ 

fc They are ; though the term is fre- 
J^ontined to the combiaatlona resulting 
lailies and acids only. 
I, What is meant by the word neufrnii* 
^ When substances, as an acid and alkali, 
ii together, so as to disguise each otber'x 
■)s,they are said to neutralize one another ; 
^mpound, which is neither an acid nor 
Lis called a neutral salt, 
is. How is the anlt distinguished ! 
■. By two terina or names ; the one ex- 
t of the particular acid made use of, and 
|r of the alkaline, earthy, or metallic base i 
B&afes are neutral salts, composed of sul- 
ic'id and some particular base : the sul- 
Fsoda is a salt compose J of sulphuric acid 
a : muriate of soda is a compound of mu- 
tid and soda. 

k. Are there not sulphites and nitrites, as 
^Ipbates and nitrates ? 
fa Yea : the- termination aU is employed, 
le acid used is one of those which a,re com- 
\«aturated with oxygen,* the names of 
tfid in I'c : and the termination ite is used 
le weaker acids are employed, and which , 
one, have names ending ia tms. 
'See vol. i, Convetsol'ioiiviv. 
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Charlea. Then sulphuric, or nitric, or oi 
tie ucida, when combined with bases, give 
pha(es, aiid nitrofe*, and murioles- 

Tulor. They do ; and sniphuroiis and oi 
iicidsgive s»ilphiV« and nitriles. 

Jamei. Does every acid possess all the 
perties which have been above described? 

Tutor. No : But they all possess a sufli 
numberofthemby which they may be (listing 
fi\ from other substances. 

Clmrtti. Are there many acids / 

7'ulor. A considernble number are eniime 
by chemists, who uauatly divide them into I 
chisses : the mineral, which include the n 
lie acids; the vegetable; and the animal .w 
they may be thus arranged : — 

MINERAL AND METALLIC ACIDS. 

Sulpburic, Fluoric, Molyhdic, 

, Pillnc, Borauic, Chromic, 

/ Muriatic, Arsenic, Columbic. 

Carbonic, Tungstic, 



VEGETABLE ACID 


3. 


Acetic, Citric, 
Oialic, Malic, 
Tartaric, Gallic, 


Benzoic, 
ProsMc, 
PIWBphw 


ANIMAL ACIDS. 




Fhoaphoric, Benzoic, 
Sulpburic, Uric, 
Mariatie, Rosaic, 
Carbonic, Amniolic, 


tealic, 
Acetic, 
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18. I sec that these acids are not all of 
:uliar to the separate classes. 
. True ; the muriatic acid, which is rec- 
nong the mineral acids, as a component 
Quriate of soda, or commi)n salt, is found 
3f the fluid animal substances. Benzoic 
which is the result generally of a vege- 
n, is discovered also in animal fluids. 
. Is the division then into mineral^ 
, and animal acids a proper mode of clas- 
i? 

It has been rejected by many modern 
, and by Dr. Thomson among others, 
des the acids into three classes, which 

1 . Acid products ; 2. Acid supporters : 
Combustibles. The acids belonging to 

two classes have only a single base ; 
s belonging to the third have commonly 
kore bases. 

?». What is meant by acid prodticts ? 
. They are best described by their pro- 
which are as follow : 1 . They are form- 
)mbustioD,and are themselves incombus- 

They cannot be decomposed by heat 
the intervention of a combustible body ; 
xygen is an essential ingredient in them 

, How many acids are there that arc 
ated acid products ? 

There are those which are formed of 
phosphorus^ and carbon ; W\.> ^& ^^ ^waV 
stances can combine witYi two ^q%^^ ^*^ 
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andphaifbOTMB, and die cvbaaic k^ 

bM ei . 

TWor. Tbej are. Benda Ibese 
tiro otben, Ifae conponenl pons af 
aDknomi : bat vAkh are named the , 
htracie fldda, flrDCD the finoi spar, aaj 
■Bbfftance* wbidl coot^ iImib mo^ abnn 
To-morroir we riuU proceed ta de^nbe — , 
■cidfl more puticijlar] ; ; in the mean Qiu> \ , 
hinw yon wiH not foi^t how acitU are ^<>%i 
piuhed, wbenerc r ;o(i may wish to esaminetKl] 
propertiet of anr substance. ^ 

Jamet. Howuiatll make th« expenment ! 

Tutor. Here kre two glasses, contaioii^ w»-, 
ter tinj^ed blae wilh the sjnip of violets ; to ft* 
(inc I add a drop or two of dilute sulphuric actd, 
whifih tiim» the blue to red ; to the other 1 po« 
•ome Holiition of pure potass, ivhich changes (b( 
blue colour to green. 

(yiarlei. Ib that the only way of mia^ At 

Tutor. No : you may staio some paper wiftl, 
the tiiinlurc of litmus, which, when dry, is a vegf 
%nm\ test ; for upon this a little of any liquid nwT 
hi! droppt^d, and, if it contain an acid, it Will' 
rhimKc the colour instantly. Common writiDg, 
piiprr, Diatncd wilh the oulside of the radish, or 
tvith un /'n/usJon of red cahW^c, nsW ^aawertbe 
luttie purpoee. 
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€8. Red cabbages are easily to be had ; 
the infusion made ? 

or. By pouring boiling water on some of 

yes sliced, and when cold it is fit for use. 

pour some of the infusion into three glass- 
will add to one an acid, to the second an 

and to the third a neutral salt ; observe 

Terence of the colours. 

Hes. The first is a red, the second green, 

3 third purple. What were the substances 

>r. The first was a few drops of dilute 

ric acid ; the next was a solution of potass ; 

i other a solution of alum, which is a neu- 

It, or a combination of alumina and sul- 

acid. 

e is some tincture of litmus : I will add 

few drops of dilute muriatic acid ; the 
is changed, to a brilhant red. I will now 
ito it a solution of potass, and the blue is 
estored. 

?8. Has the alkali destroyed the acid ? 
r. It has : and by this method the colour 
liquor may be changed alternately from 
)lue, and from blue to red at pleasure. The 
Q of violets is the best test to discover alka- 
solution of potass will change the colour to- 

if then diluted muriatic acid be added, the 
will become red. This experiment may 
ied at pleasure. 
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T&3P9X. Sidpkiiikacid* 
dcferibe, if obe cCllifr «MNi fl morte i rt 
ChmUttj tk Will fcqMljr c«Ded ofl olV 
•nd^treB now k Innni more bj. tlMt rii 
by the naine of vitriolic acid, than by sidpliij 
acid, which is its proper denominatioii. ^ 
glass bottle contains some of it 

James. Why was it called oil of vitriol ; itl 
not the appearance of oil ? 

Tutor. To the touch it feels something like 
oil) and it pours from vessel to vessel like o 
Hubstances. It was formerly obtained from wl 
is usuallly called vitriol, which is a compoaad 
iron and sulphuric acid, and is now properlj < 
nominated a sulphate of irour 

James. I thought Vitriol had been another na 
for copperas. 

Tutor. In the arts they are frequently used 

^yooaymouB terms, because \t \a sometimes foB 

^ombioed with the oxyde ot co^^^\\Wv'^ 
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contain^ no copper, and therefore the 
opperas is evidently improper. 
'les, I think you told us, that the sulphuric 
a compound of sulphur and oxygen ; why 
it in a fluid state ? 

r. Sulphur, as you haye seen, hums with 
: hriUiant flame in oxygen gas : a union is 
>rmed between the oxygen and the sul- 
)ut still in a state of gas ; which gas must 
lensed with water. 

*.8, Is it always combined with water ? 
r. It is ; and in proportion to the smallness 
juantity is the excellence of the acid esti- 
To a certain degree the water may be 
off by distillation in a moderate heat ; it is 
lid to be concentrated. When concentra- 
nuch as possible, it is about twice as hea- 
rater. 

les» In this state does it contain water? 
r. In every hundred parts of concentrated 
jre are supposed to be 21 parts of water : 
portions are — 

Sulphur 49 

Oxygen 30 

Water 21 



100 



s. In what manner is this acid made ? 
% On a small scale I can easily show ^^o^^ 
cess. I fiJJ this glass jar wVlYi oxygen ^^a^ 
?jrfiY over a small quantity of Yi^lex \^^^ 

20 
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Bci<t as it will, it i» drawn off, and concen- 
bj diatillutioD ; an operatiun that can only 
tted to experienced persona. 
es. As sulphuric acid is so much heavier 
liter, it must, 1 should think, be of a ihick- 
Bistence. 

ir. It is of an oily nature, as jou will see, 
I pour it from one vessel to another : it is, 
helesB, when pure, colourless as water, 
:ransparent, and without any smell ; but 
e is very penetrating, even after it is much 
[ with water. Here is a small quantity of 

in one glass, and about tivic^ as much 
iisure of sulphuric acid in another. They 
>th of the common temperature of the at- 
ere, 

rtta. Yes ; they appear cold, 
-r. I will suddenly mix them. 
>«. The glass is hotter than I can hear. 
pr. The bulk of the two bodies 19 less, now 
when separate, 
en evolution of 
pQlpburic acid, when highly concentrated, 
very great attraction for water, and will 

It rapidly from the atmosphere ; hence 
peen used as an hygrometer.* 
^1. Is it ascertained how much the 

of this acid is increased by the attraction 
Bture from the atmosphere ? 
^r. ,Thia will depend on the etrcn^ oC 

be SeleaUSc WaloguBS, vol.W, p. 2a&— 2A\. 



he acid, and on the ijuDntily of watc^r in thcfl 
jut, iii a aioe'e daj, three ounces of 
■cid have imbibed an ounce of water. 

James. Sulphuric add and water mised, fl 
leat : did you not formerly make » 
icid for a freezing mixture ? 

Tutor. Yes : four parts of ice, and oMa 
}f acid, cooled down to the same temperato^ 
ii°, will produce a degree of cold aa'to 
ibur de^ecK below zero ; that is, 36 deg 
lelow the freezing point. 

Sulphuric acid is decomposed by the addi^l 
if any inflammable substance, aB oil, sugar, c"^"" 
^oal, &c. 

Esperiment 1. If a piece of charco.il, I 
?ed hot, be immersed in some concentrated i^ I „^ 
phuric acid, the acid will be decomposed, ^Yf^ior. 
3art of its oxygen is attracted by the charcoBlv I. 
:bnning carbonic acid, while part of the soll- ^ , 
jjoes oB' in thick white fumea. '^ 

Ex. 2. Phosphorus, with Uie aid of heat, ( 
:Dmposes the sulphuric acid, by absorbing psi 
sf its oxygen. 

Ex, 3, Bits of straw, as you shall si 
hlark in this Hcid. 

Jamtt. They look as if they had been burnt. 

Tutor. \Vq shall find, that the constituent, 
principles of vegetables are carbon, hydrogeDi r' _ > 
and oxygen. The hydrogen of the veget^ift I \., t 
:rombines with the oxygen of the acid and leaVti^ I ■h 
J)e straw in a carbonized sXale. 1' 

Omrtes. 1 see then t,\iat s«\vU'w*v<i "tioA. »a^ 
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nrer» to the detioition of what you denominate 
|i acidproiluct ; it is formed by the combustion 
r sulphur, which is a combustible, and oxygen, 
lid it is capable of being decomposed by. a com- 
^tible substance and heat. 

TWor. If I throw a little of the acid in' the fire 
po will see it is incombustible. Here is a 
^aotity of sulphuric acid diluted with water : if 

put into it some filings or shavings of iron or 
fnc, you will perceive a violent action take 
lace. 

Janus, Is that owing to a decomposition of the 
sid? 

Tutor, No : the water, and not the acid is de- 
imposed. 

Charles, But water is a compound of hydro- 

n and oxygen. 

Tutor, True : the hydrogen goes off ip the 

m of gas, while the oxygen combines with the 

tal, which then becomes an oxyde of iron or 

c. 

^ames. Is the same effect produced with the 
*r metals ? 

\tor. Yes, in a small degree : which, how- 
*, may be increased by the action of heat, 
dphuric acid unites with all the alkalies and 
m, except silica, and with many of the metal- 
xydes, forming a peculiar kind of salts 
\ sulphates. Thus a combination of barytes 
the sulphuric acid is called the sulphate 
rytes : the compound of axiVpYixmc, ^^^ 
^e ia a sulphate of lime ; aiid\\ie \vca«^^^ 
20* 
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tlicozTde of iron wiih thi« acid if calMa 

m 

phate of iron. We «bail. hereaiier. der 
nomin^ or two to the coQ«ideratioD oi' «ali 

Jami$, 1§ the §ulpbr.ric acid m^ch used ! 

Tice^rr. It is empi:*\ed in a Tarietr of ■ 
factiire«, especial! j i dyinz : it is ased in i 
cine and phannacv. and on these accoanti 
an object of considerable imponaoce. 

(liarlet. How is the »iilph>ir''-«f acid obtai 

Tutor. By patting two parts, by wei^ 
ftulphuric acid and one of mercary into a 
retort, and applying to it the tlame of an Ai 
lamp, the mixture effen'esce<^. and throws 
f^, which may be received over mercary. 
uas l« sulphurous acid. I will pt-iform tb 
[ieriment. 

James. The 'yiv appear? t-^ r,-»nt.«in nc 
more than if tillcfl with comm>ri air. 

Tutor. Sulphurous aci<1. in a slate of g 
colourless and itivicible : hut. il Aon wore 
spire it by the raouth or nostrils, it w<n; 
highly injurious. It has a strons snfl"o< 
?mr^ll, liketliat emitted by the sulphur ol'nr 
«•», when hi^hted. 

('harlcx. That, I know, is \pv\ ili^aiiroj 
1)<J4»H the sulphur, when burnt in tlio ope 
produce the sulphurous arid ? 

Tutor, it does, by cotnbinini; with the o: 
ol' it : this acid is incapable of supportins^ 
bustion, as it is of animal life : it is about 
*y heavy as atmospheric au \ 
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Jamei, How do you account for the formation 
of the sulphurous acid by means of the mercury ? 

Tutor. The mercury combines with part of 
the oxygen of the sulphu.'ic acid ; which, having 
lost a part of its oxygen, is converted into sul- 
phuroiM acid. 

In the experiment with the charcoal just now, 
the sulphuric acid, by parting with some of its 
oxygen, was reduced to sulphurous acid. 

When phosphorus is used to decompose the 
#olphuric acid, part of the oxygen of the acid 
combines with the phosphorus, making phospho- 
ric acid ; and the sulphurous acid is driven off. 

Charles. I understand this : the only difference 
between the two acids being the proportions of 
oxygen contained in them. 

TSitorp Water absorbs this acid very greedily, 

and then it is called liquid sulphurous acid : in 

.this state, if exposed to oxygen gas, or even to 

the atmosphere, it combines with the oxygen, 

and becomes sulphuric acid. 

James, Is sulphurous acid much used in the 
manufactures ? 

TtUor. In a state of gas it is employed in de- 
stroying a number of vegetable and animal co- 
lours ; and in bleaching wools, cottons, silk, &c. 

Charles. Is it upon this principle that they burn 
/'Ounded sulphur under newly manufactured 
HT «rsted ? 

Tutor. Yes : as soon as it is well scoured, it 
^ hung up in a close room, ^.Tv^L^vw^%^t\^.*^^'^- 
" ^-jarcoal fivCy upon whicli avA^iViMT vi ^«^^ 




; die 
Bjmam 
mofiedifroB hnea 
tintnoifteiied 
or libc colour, 
be changed to a 1 
cordii^y used in _ 

red rose, on the oonlnfy, wiD be cfaaBged Vfj 
to white, as maj be seen bj eEpoaing one ts ' 
fumes of limited matches. 

James, Does this ncid combine Mb flie 
alkalies, and metfdlic osjdcs ? 

Tutor. It does ; and the componnda a 
ed mlphites; thus we have tfie soiplnteef: 
tass, of barytes, &c. &c. .^ 

Chartei. How are the snlpbites iinrmed? 

Tutor. By passing the gas, as it proceeds 
the materials, through the alkali, earth, &c. 
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Jf the Phosphoric and Phosphorous Acids, 
of the Fluoric and Boracic Acids. 

VTOR. Phosphorqs, saturated with oxygen, 
Ds phosphoric acid ; and the phosphorcms 
\ is phosphorus combined with a smaller por- 
of oxygen. 

\arles» How is the phosphoric acid formed ? 
Uor. There are many ways : the most ready 
8 : simply to bum phosphorus in a glass re- 
r filled with oxygen gas. The phosphorus 
with rapidity and great brilliancy : a num- 
- white flakes are deposited, which are 
Wicacid in a state of purity, 
usual method of procuring this acid is to 
phosphorus, in small pieces, into hot ni- 
i. A violent effervescence takes place ; 
sphorus combines with the oxygen of the 
i the nitrous gas escapes. 
. Is this the whole process ? 
No : the liquid so obtained i& Ic^ V^^ 
3d to dryness, and aft.erw«x^%\!k»a^fc^*v«^ 
, to drive oflf all ttie w%!l«- Vv-Ns. Ni«^^^ 



• ilifl. roloarie«¥. an«i tnKparv&u and someibf 
like da^ in appearasce. 

CharUi, By what mevis do chembts enp* 
ratf; liquids !' 

Tutor, Sometimes by expo^ins them to Ihi 
air only, in shallow Te^ff'h : at other tiineit Iff 
placing the shallow re9>el over a furnace csdM 
the evaporating furnact, which, notwithstaadfaif 
it<) name, answers occasionally for digestion, dif- 
tillation, and every operation that requires ao 
{greater heat than that of boiling water, as vd 
as for the purposes of eraporation. 

Janus, Of what parts does this furnace cod- 

SIHt? 

Tutor. I will describe it. Fig. 1. Plate I, 
vol. ii, represents a furnace of this kind : it 
coriHiiits chiefly of an ash-hole. 6, and a place 
for lire, a ; these are separated at x by a grate, 
which supports the fuel; the shallow vessel a 
iH intended for the fluid that is to be evapo* 
nit<;d, digested, or dissolved. 

dkarles. Is the vessel a 'placed immediatelj 
ov<T the coals ? 

Tutor. It is pometimes : and in that case it 
i>^ ^:iid to be operating; with the naked fire ; Id 
olJKT cjLses, a vessel of sand, or of water, is in- 
t(>r|»osed between the fire and the saucer a, aod | 
tlirn it is called a scnul or a rvater bath. I will '. 
now <le-icril)e another very useful furnace, call- 
♦'«l a portable furnace, Fii;;. 2, from the circuna- 
ft'incr. of itfi bviwj; easily moved from place to 
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r. It is in the shape of a large crucible. 

. It is a black-lead crucible, about a 

1, to the top of which is fitted the iron 

; it is supported by an iron stand as b ; 

) the bottoDV is open, having a grate of 

ch as F (Fi^. 4.) The retort is sup- 

>y a sand pot, g (Fig. 6.) 

es. What is the small hole at x for ? 

. It serves to give vent to the air, and 

y the fire with fresh fuel. A chimney 

granted, be placed there. Fig. 6 shows 

1 of the furnace^ and explains the mode 

.lion at once. 

. Can this be used as a water-bath, 

as with sand ? 

. Certainly : by filling the pot o with 

istead ^of sand. If an open vessel, instead 

)rt, is us^ed, this furnace is well adapted 

xydaiion of metals. 

. Is phosphoric acid always in a solid 

. No : it is soluble in water, and makes 
; noise during the solution, like that of 
plunged in water. In a liquid state it 
lick oily appearance ; it reddens vegeta- 
s ; it has no smell, but has a very acid 

ts. Does it combine with the alkalies ? 
. Yes, and with the earths and metallic 
forming salts, known by the name o€ 
ies : thus, phosphoric «lcv^, ^Qt^\»R.^ 



with bttjMt, *odi, Juu, tonma pbosphtut 4 
luryteB, soda, tu.. 

Jam**. Is it known wtut are the propotliM 
of pbMplionu and oxj^ea ia tbe pboaphwii 
acid ? 

Tutor. Aboat fortv parts of pho^pboms ui- 
•iKly parts of oxygen. 

£ip«riinenl. Phosphoric actd and silica, wbe* 
aiixeil together, and exposed to a strong hut, 
melt into a transparent glaf«, which neitbor 
aij(l» uor alkalies can decompose. 

Jamtt. To what purposes is the phospbottc 
acid applied ? 

Tutor. It is too expensive to be generally 
uiclul ; but, if it could be procured at a cheap 
rate, it might be advantageously employed ia 
several manafaciurea. 

Ckarlet. How is the phosphorouj addpie- 
H.reil ■! 

Tutor. By esposing pbosphonis to the at- 
mosphere for Home time, it under^es a slow 
combutitian, and gradually becomes a liqiud 
iicid, which is viscous, and adheres to the sidea 
of a gluBs vessel like oil. 

Jumei. Can thia be obtained in a solid state! 

'i'ulor. It readily combines with water, hot 
cannot be obtained in flakes, or solid. It eniU 
u strong smell of garlic ; it has an acid taste, 
R[id produces the same effect on vegetable co- 
lours as phosphoric acid. iL combines reailiijr 
w/tA the eartlia, alkalies, a.Tid m«taUic oxyds), 
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irming with them phosphites : hence we hate ' 
\ie phosphites of lime, iron, alumina, &c. 

CharUi, Dots (he same analogy then exist 
rith regarrl to the sulphuric and phoapboi* 
cids, and their combinatioos ? 

Tutor. There does; carbonic acid also forms, 
rith the alkahes, earths, and some of the 
jllic oxydes, carbonates. But of this we have 
Jready spoken ; we sliall, therefore, proceed 
a the Jluoric acid. 

James. I think you said the composition of 
his was not known 1 

7V(or. 1 did : it is not certainly known ; but 
lir Humphrey Davy, from enperiments, con- 
luded, that it is a compound of oxygen with a 
ombuBtible base. Id submitting il to electrici< 
Y he found, al the negative pole, a gas evolved, 
■hich, ffotn its inflammability, appeared to be 
fcdrogen.(a) 
ICViar/es. How is the fluoric acid obtained ? 

pWor, It may be readily obtained from fluor 
IS it is usually called, Derbyshire 

L%aW<^9. Do you mean that aubctance of which 
|wliite candlesticks are made ? 

es : it is formed into a variety of 
jmentul tbini^e ; and it is composed of an 
Icalled fluoric acid and lime. It is, there- 
ktecbnicully denominated fluate of lime. 

"ow is it obtained ? 
lor. fij* adding to Hie ^owiMfti i^ix-. '^"^ 
B retort, an ctiiia\ nvian.\;\X^ <i^ ^AiwJvwKi 
21 



acid, and applying to the retort a gentle ht 
The snlpburic acid, having a, stronger albi 
to the lime than the daoric, expels it, and onil 
with the lime ; the fluoric acid comes aver 
the funn of gas, which muat be preservedi 
leaden Tes^cla, or in glass coated with w!\x. 

Charles. Will not tlie result be fluoric acid 
and sulphate of Uoie ? 

Tutor. Certiiinlj. This acid is im-isible ami 
elustic, like the atmospheric air ; it will not 
auetain combustion nor animal life. It has a 
pungent smell, is heavier than common air, and 
Corrodes the skin very quickly. 

Jamei. Whj are leaden vessels used ? 

Ttilor. Because this acid has the siogular 
property of corroding glass ; so that no vesseb 
made of that substance can irithstand its effect!. 
Hence it is applied to etching landscapes, and 
other figures on gloss. 

Charles. How is that done ? 

Tutor. Bj covering the glass with wax, and 
then by tracing the figures in the wax with in- 
struments like those used by engravers. Tbe 
ghiss, in this stale, is exposed to the acid, either 
in gas or in a liquid state. 

James. How is it obtained in a liquid form! 

Tutor. The gas absorbs water greedily, and 

the compound is an acid heavier than water, aod 

thnt has the property of turning vegetable 

bjrjt'n lo red. In this state, the acid will nol 

^•ceze ia a (emperature highet ftiwi y below 

'Jte Jreescing pomt. 
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[harles. Does it combine with any other 
Hh besides lime ? 

Tutor, Yes, with all the earths, alkalies, and 
tallic oxydes, forming with them salts, called 
%te8 ; thus we have the fluate of potass, mag- 
iia, &c. as well as the fluate of lime, or com- 
•n fluor spar. 

Tames. Is the boracic acid of a similar nature 
the fluoric ? 

TiUor. It is so far $imilar that its component 
rts are unknown ;^a) and it is obtained from 
rax, a species of white salt much used by artists 
soldering metals, and for other purposes. 
Zharles. How is the acid obtained ? 
Tames, Dissolve the borax in hot water, and 
\r the solutions ; add half of its weight of di- 
d sulphuric acid. Evaporate the solution a 
» ; and, on cooling, a number of shining crys- 
will be formed, that are boracic acid in a solid 
; they have no smell, but very little taste, 
edden vegetable blues, 
nc*. Can it be dissolved in water ? 
*.or. Yes, in about twelve times its weight. 
)luble in alcohol, and paper, dipped in thd 
n, burns in it with a beautiful green flame, 
bines with the earths, alkalies^ &c. form* 
ates, of which the common borax is the 
of soda. 
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stions and other Exercises^ on the several CoU' 
versations in the foregoing Fplumt, 



CONVERSATION I. 

what respects are Chemistiy and Natural PhOosopfay 

ected ? 

hat were formerly denominated the first elements ? 

' what is the atmospheric air compounded ? 

hat is meant by gases ? 

hat are the properties common to these gases ? 

hat is meant by simple bodies ? 

it possible to ascertain whether any partieular body 

, or may not, be made up of others that are moie 

le? 

3w does Dr. Thomson arrange tiie simple substances ? 

hat are the classes of confinable bodies ? 

hat are the unconfinable bodies ? 

hat is observable in the combustion of wood and coal ? 

hat name do chemists give to red lead, and of wliat is 

mposed ? 

hat is the cltemical name of the diamond ? 

hat is the distinction between charcoal and carbon ? 

CONVERSATION U. 

ipeRi the definition of Chemistry. 

lajt is the object of Chenustry, and with what b it con- 

i ? 

^t is meant bv the terms anslysia wA ^^jxfiaRsei'*- 

\f%rJl&t is cianahar composed? 

21* 
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Of what after MMiiiABitiMce of CheiBktiy 

CONYERSATKHI m. 

Hcnr are Ike tenns attTMtio* nd oSiiily dM^pi^ 
What tfe acHft by attoctioB of ■g0cg|tfioii> 
In what does tUi Afbr firoB oltmSim of oplMriiNi ? 
Poliitortthediibwaoebetweoaflieagpwgitoitiwht^ 
and the ddortniQ. 

How niany Undi oCnnwtfiNi an tiiara ? 

Can aU thoM bo eihnEid in aqr l»4i«nlv iriMlpiCCS ' 

How ii the attiMion of H0"Ci'^<>">tn9cd|ii*i^^ 
btheconiiBqaenoeofit? .. 

What is the chemied name of DeHiyshire qiar/and nov 
Is it decompoaed ? 

What escapes during the decomposition, and what re- 
mains after the decomposition ? 

How is the force of attraction of aggregation estimated ? 

How is it measured ? 

How does heat overcome the attraction of aggregatioa? 

Give me an instance of cr3^taUization. 

CONVERSATION IV. 

What do you mean by attraction of composition ? 

Wlmt veiy useful substance is formed upon this principle' 

In what respects does glass differ from the substances of 
"Which it Ib formed ? 

Of what is the sulphuret of mercury compounded, aftd in 
What respects does it differ from its component parts ? 

fVJmf do you mean when you ws Xyiq ^ohstances are 
ohfimicHlly united ? 

Abatis alcohol? 
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^ow is gypsum formed, and by what other names is it 

3wn ? 

»Vhat is the chemical name of sal ammoniac ? 

low would you make a smelling bottle ? 

^hat two pungent substances, by miiture, lose their 

ell ? 

Yhat two fluid substances, by mixing, will produce a 

id ? ■ 

^hat solid substances, by being rubbed together, will 

»duce a fluid P 

I^an you ei^plain the meaning of the word saturated ? 

>Vill fluids, as water, dissolve any indefinite quantity of a 

id substance, as salt or sugar ? 

CONVERSATION V. 
Jpon what principle does the attraction of composition 

y( what is Glauber's salt formed, and by what other name 

t ealled in Chemistry ? 

Explain the difference between attraction of aggregation 

1 attraction of composition. 

iVhat is meant by tne word concentrated ? 

iVhat is the second law of attraction of compgsition ? 

3y what experiments is it illustrated ? 

IVhat b tlie third law of this kind of attraction ? 

9ow is it illustrated ? 

i¥hat compound metal will melt in boiling water ? 

^hat is the fourth law of attraction of composition ? 

3ow is it illustrated P 

> he»t generally necessary to bring bodies into a state of 

'^«t is the fifth law? 

is it known that there is a change of temperature 
union of diffierent bodies P 
wX experiments are mentioned in proof of this law P 
^ w temperature ever lowered by chemical attraction ? 

CONVERSATION VI. 
Bt Ms the sixth law of chemical aSfifluty , «Si^\io^ ^^'^ 
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In wLat mpfcts iloes sulphate of poUta differ bem ils 
compooeiil pBTls ? 

Of trfasl u muriate of amiDaoia compounded - 

Ofwhat if thesulphuret of potass fonnrd ? 

or what is corrosive sublimale formed, and id nhatdw 
il dilTcr from it^ compoDent parts ' 

What Anids, mixed together, will give a solid >s B fimdotl' 

Wfiat u the seventh law of attraclioo of corapoiitiMi ! 

Wbal w the muriate of barytes ? 

Wbat two clear lIuidB, t>y union, beconic, in'appeanuM, 
thick like cream f 

How is this phenameDOn eiplained ~ 



What two liodieu. bein^ chemicallv united, fiie sprcih 
p^vity of the compound is diAerenl from the mean ifitci- 
fic RTSvil; of the component parts f 

What is the reason, that a ptul of water and a pint olil- 
cohiil, when mixed togellier, do not make a quart ! 

Give me m instance in which nhemlcsl eflinily ii CBpaMe 

of iiiiitine two or more substances to a nertuiii eilPul, axit 
tell me (he reason of Et. 

CONVERSATION VII. 

What do you mean by simple affinity ? 

If nitric acid is poured into some muriate of sada>wlial 
will hnppcn, and boiv is thr fact explained!' 

What will lie tlie result of a mixture of sulphuric anid >d>I 
nitnite of soda / 

F.nplain to me the specimen of a table of affinity. 

>lnw it a table of this kind practically applicable f 

Look at the table, and tell me, whether muriate of kkJ' 
can he decomposed by the sulphuric, nitriCi and Mbui' 

Can the sulphat* of soda be decomiiosed by any of t" 

Howshouid I decompose tlie suliihnle of potnss^ 
Upon what principle are tflUeaof aftnity formed .' 
HowUthe force gfaffiiiityt»eWecuBafts.iA«i:6»'i«'' 
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lat is compound affinity, and what experiment is men 

] to illustrate it ? 

ly cannot sulphate of ammonia be decomposed by 

sids ? 

}k to the figure (page 61;) and explain the nature of 

ind of attraction. 

what practical purpose is this method of double de- 

osition applied ? 

w is it explained) that concentrated nitric acid has no 

on iibn, unless it be diluted with water f 

lolutions of nitrate of silver and muriate of lime be 

l> what new substance will be formed ? 

at should the register of an experiment express ? 

at do you mean by the term menstruum ? 

ikatthe diagram, m page 49, and explain its meaning. 

the same with regard to the six following ones, pages 



CONVERSATION VIII. 

it is the natural effect of attraction upon the parts of 

t is the principal agent employed to counteract this 
>n? 
effect is produced when the attraction prevaiU; 
.t when caloric b most powerful ? 
' is the mean between the two ? 
familiar instance, in which one substance is in all 
es. 

eat exist in all bodies ? 
e this by an example, 
coldness defined f 

heat, or caloric, and in what state does it exist .' 
neant by caloric in a state of combination ? 
*ree caloric ? 

instrument is free caloric measured ? 
lis subject illustrated with regard to fuel ? 
% genera] principle in nature ? 
5 law given by pr. Black ou \K\% ?>v\y^^tV"* 
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CONVERSATION IX. 



How is caloric deGned P 

Can il Le luul separate from oilier bodies ^ 

Wliut 19 meaiil 1^ taking an'ay Ealaric I 

How is liiin explaliiiid willi regard to tbe cooling 
bodies f 

What is shown liy the Ihermomeler ? 

Wbal is the cause of hodiea in the same room, andinrl 
same temperature, appearing, lo the touch, suuie wu 
Hnd others coid f 

or what is Ihe thermometer a measure ? 

Ex|dain this by an example. 

What is Dr. Bfaelt's theory on the subjecl ? 

Explain Uie meaning of the word capacity. 

What is Dr. Black's lirst inference on this subject .' 

What the second? 

Why do we axpcrience most cold in windy weatteri 
equal tempuutures of the airi* 

How is it known, Iltatthe thermometer is not alTeBtt 
by the wind ? 

In what situations are we liable to tnlie cold ? 

What is Dr. Black's third inference P 

By what instance is Ihia illnatnited f 

Why are spongy bodies longer in healing and in coolii 
limn t^ose whichare more dense ! 

Why are furs used in cold countries ' 

How is it proved, IhatSannels, iLc. do not add heall 
the bod;^ ? 

Why is snow beneficial lo the ground ■ 

What degree of cold has been experienced in soniepir 
of Siberia ? 

CONVERSATION X. 
In what State are bodies most, and in what least eip«M 

Mention the experiments on tliis subiecL 
By tvbat proportion do fluids eupBtvd ; , j 

What limits are there to Van ce&Awt mw™****** 
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What is the cause of vessels filled with fluids bursting by 
frost? 

Upon what does the contraction of the Wedgewood 
thermometer depend ? 

What is meant by latent heat ? 

Eiplain this by an instance. 

"Wm the mercury of a thermometer rise while in ice, till 
It is all melted, although the vessel be immersed In boiling 
^water? 

What experiment is that of Dr. Black's on a lump of ice ? 

What is the cause of fluidity ? 

Why are ice and snow long in melting.^ 

Eb[piaii| the structure of an ice house, and the reason of 
the construction. 

How is it proved, that ice absorbs heat from surround- 
tflgbodies? 

Why does the hand, brought near a large lump of ice^ 
Contended in a room, feel tlie sensation of cold ? 

What effect does caloric produce on ice and snow ? 

What is Dr. Black's experiment on this subject ? 

CONVERSATION XI. 

^ How is it proved, that caloric is separated from liquid 
odies when they return to a solid state ? 
What experiments prove that bodies, passing from the 
ilid to the aeriform state, absorb heat ? 
Upon what do the different degrees of heat of the boil- 
igpoint of water depend ? 
Mow is water made hotter than 212<^ ? 
JBaw are liquids cooled down In warm countries, and 
^!?L is the fact accounted for ? 

it is the reason that wet linen will freeze when tlie 
ometer is above the freezing point ? 
what benefit is perspiration to the human body ? 
"what proportion does water, in a state of steam, con- 
ore caloric than when in a liquid boiling state ? 
^~^iF mre cream ices made, and what is the theory to a.<K 
^^» the operation ? 
^bat means is mercu'iy artificially lioz^xi^ 
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coNvsnATRm ^im. 

lK>ok 10 tiie figniM utf Mpialn tiw inea of IM nioA 

For whal imipoteft b tiie pMoteHe dj|i|imto 

In what TC^eki do itoftn viiApenflteiieBdgf cIm^ 
dlifer? - 

How fa oiygen gw, or any other ehjutteHiJi^ !■■■!■>• 
firom one venM to anoClier r . 

Eiplainthee]q)e^inentoftiiptNirnbigof|MNL ■ 

What remaini «&v tlie oojnteAlon ? ' 

Can moft oftlie metafa be bornt in onmv-gM ? 

Tett me the Bte of the tube o. In F)g^4 

Of what is water oompoaed ? 

Why is qniebnlver nsed In adnie oases inntioad of niliv^ 

Whatis a sand both ? 

CONViaEtSAlVON XDI. 

Can oiygen ever belwd separate from other boAis i 
Mention sotne instances to t>rove timt it fa an fapfetttit 

agent in nature. 
Of what fa oxygen gas composed ? 
Is oxygeh necessary to comtrastiony and in the proeee 

what becomes of it ? 

What do you mean by oxygenation ? 

From what substances can oxyeen gas be procured ? 

How b it procured from vegetables ? 

In the combustion of iron, does the remaining oxyde 
wei^li as much as the metal and gas did separately ? 

What appearance does zmc, burning in oxygen p^ 
put on ? 

Mention some oCher experiments made in this gas. 

CONVERSATION XIV. 

How many degrees of oxygenation are there ? 
Explain the table, p. 97. 
What do you mean by the oxyde of sulphur ? 
Of what are the sulphurous and the sulphuric acidf 
formed ? 
Explain what is meant "by tVie \ftjm\iv«AAQ\x^<A «i«a^«** 
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Do all substances admit of similar degrees of otygana- 
tion ? 

Explain this by instances. 

Wnat do the diflferent coloured oxydes denote ? 

Do the coloun vary in the same way with regard to all 
metais ? 

What are the chief properties of oxygen ? 

Where does it exist in a state of nature ? 

Wiiat natural means are there of renewing the oxygen 
' of the atmosphere ? 

What effect has light on vegetation ? 

What is the specific gravity of oxygen gas ? 

By what is oxygen gas peculiarly characterized P 

CONVERSATION XV. 

What other substances enter into the composition of the 
atmosphere ? 

Can azote be obtained alone ? 

Is it found in many substances P 

What are its properties ? 

What are the proportions of oxygon gas and azotic gas in 
the atmosphere? 

What experiment will show the difference between oxy- 
gen gas, common air, and azotic gas .' 

From what is azotic gas obtained ? 

What is the process, when obtained from sulphuret of 
potass? 

What other substances will yield azotic gas? 

Of what are animal substances chiefly composed ? 

How is the azote obtained from them ? 

Explain the combinations made with azote in the table. 

By what properties is azotic gas distinguished from the 
o^er gas ? 
Ms it known whether it be or be not a compound ? 

CONVERSATION XVI. 

^^rom what does hydrogen derive Ua tv«iii^> 
^\^bat was hydrogen gas formerly ca\W? 
-fc this generally diffii^d in nature ? 
VOL. J, oo 



Towl 
ptat tig 

IVill '- nKDiniHlure? 

Kron I il dtrivo its name, iriDamii] able air.' 

Will (Lout t)ie aid of almotpb^ric air' 

What <:.i[<.U are produced bj th« inflauinialioa oflijAl- 1 
gen gas wilh oiv^ii ras ? 

How are minuitvire Iwllooiu formeil nitb this gw 

From wliE lydrogen ga^ ohtaioed ? 




;ness of hydrogen pi ' 
JiitBl candle.' 
riBtrueKfl ? 
d of liydn}g»i jw? 
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U ^iilpliur a simple or i , 

Tu wlial parposes liua it 1)«eu long applied 

111 V, hat atatp ii it aaljrally found ? 

Ill wiiel fljids '1 sulphur soluble P 

What is meant by the tsnn aulpluirels ? 

What is meanl by flowers of sulphur.' 

Huw are siilpliur noAi made P 

Wiiat are the combinations of !iulphur? 

IVljBt is the lii-GF of sulphur, and why vri 

I^low does sulphur burn iu oiyf^en gas P 

V/hy are some bodies more combustible than others i 

For ivlrnl is sulplmr used ? 

Wlwrc is U cliieQy fbuad ! 

CONVERSATION XVIII. 

From irbal is phosplionis chiefly obtained ? - 
/ii H-hal oilier substanccs'ie plio&^^tons InuoA ? 
iVbjr h ptiospb^va kept ut vj«mt i 
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. At what temperature does it take fire ? 

What are the fumes which are produced by the combus- 
tk>n of phosphorus in oxygen gas f 

Explain, by Fig. 13, how this process is conducted on a 
large scale. 

What are the combinations of phoi^horus ? 

How is phosphori^s made into rolls r 

Will phosphorus inflame by friction ? 

How are the phosphoric bottles made ? 

CONVERSATION XIX. 

What is the distinction between carbon and charcoal ? 

VHiat is carbon? 

How has the diamond been found to be combastible ? 

When diamond is burnt in oxygen gas, what is the re- 
sult.^ 

Can you explain how charcoal can be reckoned a com<> 
pound of carbon and oxygen ? 

With what substances will carbon unite ? 

What is black-lead, and of what is it composed? 

Why are black-lead crucibles used when a great heat -is 
wanted.^ 

Why is wood, that is fixed in the ground, charred ? 

To what purposes is charcoal applied ? 

How is charcoal made ? 

Why is charcoal used in hardening iron ? 

Can the same thing be done with the diamond ? 

How do you prove that charcoal absorbs moisture ? 

CONVERSATION XX. 

Explain what is meant by combustion ^ 
With what is combustion attended ? 
In combustion, are the substances consumed ? 
In regard to this subject, how are bodies distinguished ? 
What things are to be accounted for in combustion ? 
What is necessary in the process of combustion ? 
ExpUin the diagram, p. 135. 

Mow is it known that light exUls m tow^owsV^^^^^^^ 
Kxplain the theory of ciombustion ? 



Sfi6 e<rKii(riSE» ox 

Into niiat clattes does Dr.TboDuiOn divulc all \k 
with regard In combu^lion > 

V/liai do you iiiesn by wipisnlert ! 

Which is the oiily simple Euj^rter knrnvn ? 

Doe» o«ygen bum ? 

Cod iDCombDsUbles combine with oiLyeen f 

Of wliHl arellie compoiind siip[iar1erT lonneil ? 

What 'a the principle conimon lo Ibem all ; 

Do you oadentaiid Uie table, page 139 ^ 

into how many kinds are combustibles dividEd? 

Which are the iimfHn combustibles i* 

Of what are (he compoond combastibles formed) 
how are they denomiiial«t i" 

Wlial U Ihc general lerm usfd for the new aublll 
forracd by combiislion ? 

What are these products necef^rily.' 

Do you recollect an instance of each ? 

Eiplain now what is mennl by simple substances. 

What are the four nsioms relating (o combustion? 
CONVERSATION XXI. 

What aw the chief projii-rties of earhonic acid gas? 

IV here i> it found ! 

How is this transferred from one vessel to an<^er? 

What experiment proves that carbonic acid is bv 
than thn Rnmmnn air? 



... a the ci 
How is this gas procured artiGcialty.' 
What ere the component parts of marble ? 
What do vou mean by sulphate of lime.' 
Explain the meaning of the word mlpliatc. 
" V ii it known that carbonic acid gas escapes in 



For what purposes is this gas used f 
What is the cFiaracteristic of good lime ! 
Why is carbonic acid gas nutritive lo plants? 
With what liquids is this found combined .' 
How is the suflbcnting property of this gas ealiibited 
To what purpose has this property of the Kas been 
p/Md/ 
^oei this gas exhiWt acid ptopeAwii 
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What experiments prove this ? 

Of what 18 carbonate of lime composed ? 

What are the general properties oi the carbonates ? 

What are the chief properties of carbonic acid gns ? 

CONVERSATION XXII. 

Of .what does the atmospheric air consist, and in what 
roportions ? 

What other substances are there in the air beside azotic 
nd oxygen gases? 
How can the carbonic acid gas be separated from the air ? 
What is the white scum found on lime-water after it is 
xpoaed to carbonic acid gas ? 
How is the oxygen separated from the azotic gas ? 
What is the quantity of carbonic acid gas in the atmos- 
ibore? 
Upon what does the salubrity of the air depend ^ 
How is that ascertained f 
How is nitrous gas obtained ? 
What are the properties of this gas ? 
Which is the most im|>ortant property? 
How is the salubrity of the air found out by a eu- 
<nieter? 

n the experiment with the eudiometer, what is the red 
our? 

Thfkt occasions the warmth in the tube ? 
Tiat other means ai-e there of showing the purity of dif- 
it gases? 

hat is a principal property of the sulphuret of potasbf 
lat is Sir Humphrey Davy's f:udiomcter ? 
ilain this by Fig. 15. 

^ere any great variation with regard to tlie purity of 
' in different places ? 
s the propoiliou of oxygen in the atmosphere fluc- 



CONVERSATION XXUl. 
is the Ughi carbonated hydrogen ^Bi^«»\H9Vt^>ax^ 



Why is it denominaled lidil * 

M'liut rombiiiations are [nere of hydn^en gss, ■ndbo' 
arp lli£-y produced ? 

Wliat 1) ihU vsllett which was formeriy deoomiBal'' 
hrpalic gas, anil whntHre lb chief pro|)ertiea ? 

What are (he properties of tha phosphorated bydtogv 
gas, and how is it ohtained? 

What are the ignes fatui, which are somelimes seen 
marshy places? 

Wbot is mean! by the piaouB oxyde of azote ? 

Wlial are its properties ? 

From wliul substance is it obteined, and of whal it 

By what means is (his or any olber gas bitatlied ? 
CONVEBSATION XXIV. 



a the lube, in order to 



Can the eiiwriiueiit be niada witt _ „ - 
Hiiw is the ex]ieriiuent eipliiined when iron lilbip s' 

CONVERSATION XXV. 

In order 1 form water of the gases, bow ai'e tbcy bruuflit 

IVJII you endeavour to explain tbe outure of the espen- 
mfiit. hy means of Fig. 20. 
Why lia-niit Uie gaBes explode! 
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How is the parity of hydrogen gas found ?^ 
In this.experimenty how are the gases obtained in a state 
of dryness ? 

CONVERSATION XXVI. 

How many alkalies are there, and how sire they de- 
nominated ? 

From whence is the general term derived ? 

What are the properties belonging to the alkalies ? 

Which are the fixed, and which the volatile alkali, and 
whence were they thus named ? 

How is potass obtained ? 

What are its properties? 

What is the aistinction between potass and the potash 
of the shops ? 

For what is potass used P 

How is the sulphuret of potass formed, and what was it 
originally called ? 

Of what is soda formed ? 

What is there remarkable with regard to some of the 
plants that yield potass ? 

Is soda naturally obtained, and where ? 

What is the reason of the distinction vegetable and mineral 
alkali? 

What are the properties of soda ? 

How is soap made ? 

What is the difference between hard and soft soap f 

With what is soap coloured ? 

How would you make soap on a small scale ? 

. To what purpose bas woollen cloth been applied ? 

What is the test for estimating the qualities of water ? 

What is the cause of the hardness in water? 

What is the distingubhing property of soft water ? 

What is ammonia ? 

How does it subsist in its purest form ? 

What is liquid ammonia ? 

From what is ammonia obtained ? 

Is ammonia greedy of water ? 

What sabstanoes will combine wUVv VLtaTaotxAA!^ 

Of what is the muriate of ammouivL lovta^^X 



EXERCISES O 



Howu 


ilghKd' 


ByvrhBl 


1 D»aii3 UK the different coloun put oD 


l/duiiiii 


MUsedindyiBg' 



eanh^BndrortrliBtU 
What other properly is there belonging to aluni 
Id what state, aiid where, is yttria found ? 
\VhU is Ibe specific snvit; of ylliia.and for wh 

Describe the rurth glocina. 

Tell me where jsrgoD is round, and what are il 
ties? 

FrDm what is silica obtained, and bow is it ofa 
the state of an eanh P 

What are the properties of silica, and to what \i 

Of what are the differtnl kinds of glass fonned 

What arc the properties of good glass ' 

Whal are tlie principal properties of the alluJiei 

What are the chief properties of the earths r 

In wbal do some of the earths and alkalies agn 

How is ma^esia described ? 

What properties are common to the alkalies ani 

CONVERSATION ZXX. 

How ere tcidi distingoished ? 

Whal acid is in a state of gas, and what in a lol 

Of what is camphoric acid compoaed f 

What is the cause of acidity > 

What eiceptioD is there to Ihe general nile ? 

What are the teats of acids ? 

Which is best, and of what is it made ? 

How are acids known > 

Whal is meant by the term neutral salts ? 

How are salts distinguished? 

What are sulphates ? 

Tell me the distinction between the salte, wha 
end in ale, and tlioae ending in itt. 
How are the acids usuaUy diviAei^ 
I» this a proper mode oE claaafitai.i<wi> 
fVhatare the properties ot aci4^«A«'*i.^ 



0BEMI9TRY. 263 

h are the acid products, and from what art they 

hat experiment can I know whether a substance '» 

? 

CONVERSATION XXXI. 

other names are there to the sulphuric acid ? 
was it called oil of vitriol ? 
has vitriol been called copperas ? 
bat is sulphuric acid composed ? 
are the proportions of the component parts ? 
is sulphuric acid discovered in a solution P 
is the sulphuric acid obtained on a large scale ? 
is the result of mixing the sulphuric acid and water ? 
this acid attract the water ? 
is it decomposed, and what are the experiments on 
ect? 

do pieces of straw become black by being dipped 
cid? 

this acid answer to the definition of an acid product ? 
is the violent action accounted for, when metal 
re thrown into diluted sulphuric acid ? 
what does this acid unite, and what is the general 
' the compounds ? 
^hat purposes is this acid used ? 
is the sulphurous acid obtained, and what are its 
es ? 

is the theory to account for the formation of sul- 
acid ? 

'hat is this acid used ? 
what substances does it combine ? 

CONVERSATION XXXH. 

is the phosphoric acid formed ? 

in the construction of an evaporating furnace. 

phosphoric acid always in a solid state ? 

what substances does it combine ? 

tiat proportions are the phosj^oius «&!^ OM^^^*^"^ 



( 






IVhal an lh<! propnria WAb acid ? 

Ill wbM iHiqioM JB Ik wtH m lUa aod ipffi^^ ' 

How i) it obuiiml '■■ a Bqnd fata > 

Don it combine wid other irfiiMaftj beside iw 

rram KbeiiM u Ihc boracic acid '**-^y — ' j ' ■!* > 

pnrp«rtie«' 
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NOTES, 



BY AN 



:ak professor of chemistry. 



) The existence of oxygen in the fluoric and 
Is is very questionable. In the opinion of 
best chemists of the present time, those acids 

as compounds of hydrogen ; the former, 
ar principle, denominated fluonne; and the 
tlorine. See note, page 241. 
I As air is essential to this process, as well as 
, we are not to infer that the light and caloric 
ceed entirely from the burning substance. 
) Charcoal is scarcely to be considered as an 
on. When freed entirely from moisture, and 
substances, it is pure carbon, 
i) This definition is rather defective, as it ap- 
to the mechanical properties of bodies as to 
ition and chemical relations. The definition of 
en by Dr. Murray, is more impropriate : " The 
1 investigates the combinations of matter, and 
of those general forces whence these combi* 
>tablished or subverted." 
!>) Chemistry may be stiuiied as a science, and 
e information obtained, merely from books. 
Practice of chemistry only that analysis and 
ly as methods of inquiry, 
a) It would require a more dLteiAe^ o^t^- 

one here described to dcmonslToXe >^«i 'c^w^ 
tuber's ssilt. 
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&!(iiMo)t'e(! by 

\a be prtcij/iliUcd, and the mlBUncc aiUed B' 

iff 31. (a) Thb Un- B, nevmhrles, eiprai 
II ralhnr loo iiosiliTe. The cipenmeDl wilh 

und sal ammouiBc, mFnlioDed 'iq page 83, i ~ 
«nce of rhemknl BctioO: independrat of 
it instance] might b€ nameJ. 
*ge K. (a) The ciKygpn. in anitiiii; nidi Aslca4< 
laeiiiit foriD, and beFomt« solid ; kenco led ' ~ * 
ipound of lead anit artfgtn. 
age 38, (aj Every chemical fact affords an i 
le eiistence ufthis law. A ridtt coropreheosion I 
nt eonilitutes the basiJ of chemii^al fcnoK-leiige, 
IB to the reRcctiiiE miinl a view oi Natnre and of 
HEM, that can hardly fail to Mcile the hishesl 
?h[ and admiration. 

igv 40. (a) The opinion thai the nafaral and 
ency of affinity is, lo auile b " 
I, upnean evidently to be gaining ground an)oo)^i 
a. Thii doctrine is supported by a great iiurobef^ 
irtanl and inlereatine facts, lis final esfabli ' 
'er elfecteii, will go farther to reduce the sciencetf 
nistry to esact and intelligible imnciples, than any* 
which liaa lately been abtaioed. 

)ge 6S, (a) There are many substances which tpp^K 
^Iher iucapable of undergoing a change from a idSi 
. liquid or a gase'iuj bIsIb, without a snbvenioD of 
e aHiiiities whivli retain their elements in that bond d 
a which gave rise to their particular properties, 
ut with mspect to many subslancas io the vef,_.. 

animal kingdoms. Wood, for instance, ennnot be 

nd, niir ivill caloric act upon it (o any consideraUe 

nl, without deMroying it as wood. 

iH" Q'(. (u) The young reader must be agai 

tal llir. conclusion, that Che heat which we feel boa 

'rein derived entirely tioiuV'OeEue\. 'KniwiUbeex- 

id furtlirr nn. 

f 02. (a) It has 




\ «»." 



, thai ths celerity with which heat entura into n 
iasues from il, depends very niuuii upon Die na- 
surface. Slight chnngen in Ihe colour of Leiture 
face, produce very obvious chunges in its caps- 
lorbing or radiating caloric The position stated 
:it mubt, therefore, be received with great al- 

i, (a) Thti b probably a ^rpogmpliicel error, 
freeaes at a higher temnerHlure than — 42" of 
it. It is commonly stated at — 39. 
9. (o) The contraction of cla^ continues long 
noisltire has been eipelled, as is pretty well HS- 

by weighing Ihe thennometric pieces of wedg- 
successive periods dunng their ignition. Clay 
refore, tie considered as an exception lo Ille ge. 

of eipansion by beat. Hi canlraction arisi 
bility, from such a change produced in Ihe 

of its particles by caloric, as occasions thi 
ractiOQ between lliem to eiert Itself with a 
creasing force. This property of clay, of 
ly heat, instead nf etpandine as nther bodies do, 
interesting lo tlie wellki'e of civilized man; for 
consolidation and faardeving in the Are depend 

f pottery, brick mating, 4c. ] arts which f ' 

niensablo to human convenience. 

a, (a) Leave.t, of almost any kind, will a 

Me, but pump or well water will generalljf be 

racceed better than pure rain water. Distilled 

11 vield but a very small quBnIily of |,BS. 

(a) Dr. Thomson, in his valuable System of 
' ' -' '— ■ ■ ■ filing to 

lumerals. 



y, designaleii the diRerent oxides, by prefixing 
oxide, syllables derived from the Greek numera 

ttords protoxide, deutoiide, iritoiide. aud pe- 
re used to etpre»> the firsi, second, third, and 
legree of oxygenlzement of any substance : Ex. 
^ne of lead would denote the second oxide of 
hi, the peroxide of mercury would indicuie tha 
tftte of^ oxygeni»pment of quicksilver. Ths?!* 
11 probably come into geneiTi i»6. NoW^}-«>- 

pdiant in vagetablB maUieT. %.oW»m^^^^g 



|h» W aMihe acM, « Ike . 
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but of Ihckud, iflnrtiaabec) 

Tae. 13ft. to) S« wte, l» page ». 

Put I'^. (■} Tbe Fuaesn t' •■^'8^ ■> 

km utMutiMilj diapRrted by the ea|MTiB 

■od Frpft, who aicmijari IM wbca aqni q_ 

wtll oreportd cbaraoal aad (^ J a» D«J iact« 1 

ngMffBa/fa^MtMi^cartainrand a 
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iwriment which gaveSSparttoTon-ixn in 100 of di - 

raj(F 13D. (a) Ad excelleni deDtriGc? may br prrfli 1 
b* pulveririof; togetbn', in a cocDinoa mortar, a fitai ] 
clwrcoalanita iani|>of chalk, and siftiDg the n)nedpo«4> I 
through iDUalin. 

Page MO. (a) There if, at Itasl, one eicppdon Ic 
Otyietl cmnbiDCf whh carbon in a ctrtain nropoitiia 1 
fiirming raubaiiDns oiide, nbich is neilher end nurlK* 1 
tillii'-, 

I'aK" HI- («) That oiyjien la not the only sitpporterot 
i'iimliu»l)iin if now Ihe opinion of many of the n)o<t St- 
tintifiMied rhnmistt of Europe and America. Fmthernv 
li^^ w)ll Ihi Uhen of thin wlijerl in B future page. 

~ R 14D. (n) II in Ihi: pts wliii'b colJecti m weili lU 
""iir lome time covered, and which bas, in so EUDf 
I, ]<rovud fattil to Ibose who have attempted I* 
■ iiwi'tiii frirllie piir[io!c of cleaning lliewen, or perfeflBiag 
•mm' iiih'T npf^rntion al the bottom. It is always dw- 
>f"iia III ilrfr-cnA a well, or vau^i., or evMi a igxn^ celtab 
f It'll hm lieen Umg closed un, vj\*Qa\. "i* ^wecmAon* 
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a1 brightneu, no dan|;er need be Bppreliend^d; l)ut if 
um feebly, or go oul, the danger ia great. By leaving 
Ee cavilies open for some time, tlie carbonic acid gra- 
lly mingles with tlie almospherc, and safely U restored. 
nore eipeditious mode of cleansing tbem of the dele* 
□us ens, is to let dawn a quantity of netviy slaked lime, 
1 tab or bucket. The lime ra]>idly abiorba the acid 
, the place of which is immediately supplied by the at- 

*Bfs 153. It is surprising how snch an error as this 
uld have found its way into these paces, eipecially as 
fact is stated further on, thet no sensible variation in 

reUlive qiiaatilies of oxygen and ozole have been 
nd in the air of different countries. As far as ejperi- 
nl has gone, the quantity of oxygen in the air is alwuya 

same, in all countries, at bU seasons, and under all 
nges of temperature, moisture. Sic. Hence the " salu- 
r of the air we breathe ' depends upon changes with 
ich we are not yet acquainted, and not upon Euiy varia- 
1 in the quantity of oxygen it contains, 
•age 167. (a) By (he term " purity," here used, are we 
tnder^tand salubrity, or healtbiness ? It will surely not 
denied, that some countries and situations are more 
illh;r than others. Tbe miasma, or noxious effluvia, 
ich is regarded as die rauw of sickly seasons and places, 
tm subtle B nature as to have hitherto eluded chemicul 

'af;e 160. (a) There is a singular omission in tills eipe- 

ent. Diluted sulphuric, or muriatic acid, must be 

led to the powder in the bottle. 

'age 161. (n) This is merely ronjecturo. 

Page 163, (a) If proper care be taken in preparing Ibn; 

, it need not stand so long over water. II may he used 

b safety in one hour. if. 

'age 215. (a) Zircon is found in several plifces in the 

lied Slates, particularly iu acrystallized form, embedded 

granite, on the margin of the Delaware c'r" 

■nton bridge. 

'age218. (o) The (emw^edanaiBUtllU.Bi.w^wift''^ 
<B sabslances, mnal be considered aa vtiiftta™!*, •*«" 
IvB degnea <d cobesivefittxactiooi an4, ot '^ 





fonUJlT bv kiM. TWt are aow df l 

Cied, I'^^c Ikn B^ ^ W jned faj- Ae 



PagB SSL (a) Then mi i 
(onn add! irilh ar^jea. 

P» aa. (a) A brtm UM Ihaa oOn- 
tiaiwd, i* Ml bAu'w of Ihe nd or Uar i aMiati m 
picUiae. If Int wMcr be pMml urn thiF slinS Im 

- - •- - ■ wirici,. - 

» an extmiMljr dcOc^e ted H aoA. 

Page 241. (a) Ibe bor rcmh Tiam of Sir B.OM 
and Mbtn, aisiga to ihB add a pfmliai rnMi|>iiiilaw I 
i> regarded *■ a coauooad of fajdnHsm, and a f0^f> 
which BCtelbepart ofaBacidificTiandnhicliBroandvir 
in (he luatM. U it accontin^y denoiniiial^ jhtariim. 

Pap S43. Bonoc arid B oonndercd Al Ihe iiu^ 
limr as ■ rarapcMind in oxycen, and a pccaliar soMK* 
ublaintd l<j Ireatins Ihe afid with potaa^ni Tbii ^ 
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